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lb HO / f 'tl 
•lupttc3 
f t.Uat1 · o-r Mratt ta a \IMfv.l •tllod ot p~• .. ntaa t • 11U c 
all ., of •to:..S F•l • 1 reeeat ,..... laenutaa i•t•r••t t.a U. 
utp of tU•tt a •"9t:- ua 4neloptael • • ruo1t of tk• l•ae 
lua ai atond bottl "'cm ~ ,..,. and tit pr1¥ t 
d •t rqe 4epo •· fM, Pl'•Uc•, c.,_,...,.. 
st•l• varu~a, o ped.odt.c•U1 tw:a0 pain to •tp uiataf.o 
•llt7 l• • tve opttr•tt Ul•r• l•Tae flat•1'ottomlel 1t•r•11• ... . 
le UM. tteclaaaloa wattlattoa. vhll• appUealll• co aU ne• of •tor ... , 
laM a paU, Le Y t• la ls .. flat •tor .... ,._. tt u cU.ffto.X.t 
to.,.. or ' tura • clle aln. 
a. u.• ot wacllatl •J•tM9 t• aot MW. lol.Ma (6) et.tu tbat 
a patent va1 aratecl ltlS for• •ratt.oa aad fulaatt .,,t •. 
1o1 .. (6) furtM'f u..at• tllat wtl• ....... 1 of tM• alt• •n 
t•&aUe4 ta•.,,. ore, cMJ •id •t prow MU•faoto¥J. 'llletr fas.tun 
attrlbu* •itMI' c , .. , .. , vllt•lt ... t i• accord..,_. vltlt 
.. l8Mrl• prt•tp1 ... o~ .,. ... ,, .. •t•1 .. tM ....... um.u. 
(6) oit.•• tU foll.owl•& ,_.r,_.. o! ••t11•t1 ... ,., ... i 
ar ,. •to ..... 
1. U.•1 P'ai• to pnwa& or aballll•• •14 ~ ...i 111MC& 
Mtf.Vit7. 
2. l\U•ll•taa c-..r•tura t.a •toncl P'•lll Ce Pff'M•I •t•tun froa 
llO'riq frM .-. to cool arala .. 
3. a...lq or• fl'• •tend pala. 
4 
"--, 
4. Appl71q t.ipats to •tond ......... 
s. 141q •l•t p.al '" • o:r• .. for wt•f .. rl. ... , ct.. 
!MN .. ,.... •1 M adltewd vit.k relaUwJ.1 -11 ..... ca of alr. 
i... ( ) •tee.a th• tu c_.1,, u•ecl l'•tea YRJ froa 1/20 to 1/10 efll 
Pft bulael. fMt•r ..a ltalll (S) indte•te tit.at ai• flow ratea of l/JO 
t 1/100 c • ,. lNllaal •• eff.cttw ta prft•attaa •-l•Uoe of 
_ ..... ,..,& (12) ..... •ta e4 tllat e.ffffttw c"ltaa la• 
bH obtaf.Md f.ll l a t•t• uslq 1/10 of• '°"" ...... 1 • tMt 1.,.., 
rat•• l'M 1>17 voulcl be ••ti•f•tOl'1 ii • loalll' coou. .. period c• M 
toteratecl. 
llut .. cttatioaa ..,ii .. ta• die ,.,, t.laat .. ct1tfaoto17 ,,..t11atloa 
..., M Mid•• •Uh ftlA 1 ..-t• ol air• prnUed illl• •ir •• M 
..,.. •f araita. X• , .. , •tor .... or ... u 
i.tu uallon diatrlkttoa cu lae -"1.-.d •ta& fat.. f loon. •ltlloup 
perf ated t•lM fl r• provtcte a tll.or•tt.cal17 pufMt air 4l•trlbutton 
uct, tMJ a• n1at1w11 lat.ala la coet. Odle~ 1u• cNtly •79t ... 
,.naicti•& MM .... ifo1'81tJ of dw flow .., M eatl•fchril7 ...... 
atlblt..S fo-r a falM floor. 
l• larp flat •t•r.... falM floor• _. DH--1••1 _. atr _., M 
clt•t~llNt wiila • 4-t ey1t•. ..,,. (16) t.tioate• tllat the tl•taa of 
a Htfon c..-oH Metlft ... tilatl•1 duet a11 M r .. uo., o two p1a .. 1i 
<-.> pre4l tloa f tla• •tatf. p'(ea••• 11'.St•t atoaa a. iuao of tla• 
cluot, _. (b) •1eettoa o tile tr .. or o,.• area to frodoc• ..S.fora atr 
latab or d.Uc 8P aloa1 t:lM i..,tt. of ta.. 4-t. ....,. (16) ltM 
' 
pr"1,_. a Mtl•!•tOrJ .. iuu.oa to a. pnltl• of pntltottq tU tt•tf.c 
tta•n F.Sf.••* aloa, tu 4uot. ,._ ,_,... d t• folJowtaa ••wtr 
na to •Uff l)' lafol'Mtt• nlattw to tJMt ueod ,.. ... •• th -•r•1 
prob1• of dutptaa • uctafdtOl'f -.citatlq. floct. 
• 
a,_,tftc•llf' &t• •tdf •• .-.,, • .._ to U,talt1f.R Clul nlat&oa• 
ftltp _... -. •.-tabla tnflu••t.a tM .,,_.., •t•t:lc p»'tlUtd• dnp 
tJu:aap a •,eolfto tne of ,.r.fuate.I ••c •t•l -.., ...... tt .. 
parttcu1&1' ar.i ... 
7 
.lbow (16) .._to,.S aa 414luatf.n fc>r· tlM pMtH.c.ttoo. of •t•tlo 
,,. ..... 111; .a pnfOl'ated dwit. ftt• equatto ._. tlM font 
ftt. •lCPl'••t• iatf io•CO tut ta. r•te of ..... of •tatto pna._. 
(1) 
*•1• a coutaat &, tt.a d&a raba of ...... of aloof•tf M.S plu• OI' 
Id-. the .-.ea of c.._.. of &lotio. ...... !H oout•t I. wu ... tuah4 
•-..~s-ca111 • 
I • 1.so for 41vldtaa llov (,,......... .,.~ 
I • l. 70 f• cOllJi.tntaa flow (MaOtiGa •*-> 
1e 0. .. ...,t.i• f.• Md• thu tluJ .-ut1 ol atr ,.~ ualt an& , ... 1 .. 
dwou8' tlMl act nu u uaifora ~t tile 1•1tll of t.ke dw:t. aow 
(16) bU tiaowA diet tlia ntut• to ·tfae tltllenattal -.aatf.oa.., tJe pu.t 
b tke follwf.q fon1 
'- • tao • ('f' 4'4000> 2 (•l.7 • k/ID) oOllbtotq flw (2) 
il • 9&0 • (f 14/4000) 2 (•J..S + 6-/JB) dl•t•l• llw (S) 
ft••.,,._. to ff two •11.ttl- to tile pnbl• of pnvtdS..s 
ntfoa af.w flow tllrou• di• waU• of • c:OMt•t OnN•••tloa duot. 
fte duet. •l• -., k llMn:__. dau.• cmvct• ltotll Mott• -4 the 
w1oou1 ..._. to Mall fl••ttti .. t ot th• VMtiLattaa di' _, M 
tt.•ottl.t • it, .... tltroup tu fvct ••11· to 111.aiaf.u ~ pn••n 
p-.tdteat aloq the duct -4 tJm• ~c• "-.•1 air 4i•albutl•,, tlotaa 
<•> Pi'OPQM• , ... , .... 1 .. aiw wlocU1 wltllh ~ 4U4t he Utd.t..S to 
the follawta& ••1••· 
J ... IS 
All' wlMttJ 




llolll.e (6) alM aoc• tluat tllllll•r oertdA cocllllou, putlcmlu:11 fo~ 
#M>l'1. d.ot•, t .. Rl'fa• _. • ..,. k dut l.illf.U.q fMCOI' f.a d•C.1111•1• 
clt.aot CnP• .. tt.oul uca .. l'OI" v...-tpt •t,Ol' .... tM M .. ltecl due& 
nrf•• '"locitJ l• lO to 50 fpai for fl.at •tor•• dut ...,._ 
•lacf.tld •IUN14 t. Hllf.Hd co 20 to 30 fpa., AltU. .. • .,..tile t•t 
tafoiution -. pul>Uabecl 11 tt: t• .,.__. we 0. _. of 19lMn'• , .. , ... 
data wmld ntult :la ·thtl a.•ll" el• duct wfltoll wald Pl'"td• ftthf•• 
tor:f alr dt.atdllotton1 .....,..,, duo• •Ja• MJ '4M.- nlatl...-17 1•• 
aad c......-t11 •.,eut-... li"lla (U) ddetDu tile WrJ ...utt•fac• 
tor:y .tr d1•tr1'-ttou patt•ra ....ulttaa fJ'Cllll "'- ue• of • duct aa..ta1 • 
Cl'Oll•Hc:li-.t _..of 1.5 .. I' ta• 120 ... foot•l-. kdUiq,. liql• 
(U) fwrc-. outu ... ...., the •• of • ,.,. .. •tr •ter. to ta.r•tC1• .S.r 
tl&roup tlM- ._t. wall• pr••clJ l.llp...,.S w 4l•tr:l'-tl.on patten. 
ft• clfftp •f • Hcttoo of perforatd ..... , Mt1*1 to ..,,_c a 
p.onu• atdla, _. u pd11,. illloal4 _.. Mftital l>ulc r"811'_.at.. lt 
•W.ld be 1tl'\IOtui;aU1 atroq, •1Mlo1d ,rn•~t ..... ,,.. P••• •f 
•t•t't.al th~oqta di• allMt ad •"-14 pnrdd• Gntl'ol of dte re•l•t.,.• 
lo 11- flw ot •t:r tb'l'«NP f.t., fte• ..... 11'-..t• COllfU.••t• tk Mtta1' 
' 
of HlMCl•1 ............ ,. ......t. •tr.egtll ..... lt•t• • 
ill•-. • .._e *'-••· aoi.. (6) ..... ,. • .iai.. of 14 to 11 
S-11: for ciftlal.- ,.,.rorac.t _. c•nuaattiil •t•1 •r•tloa 4uet• ta 
"'"c •tor•• _. 16 •• 20 .-.. ,_ fl•• •t•••· Ota ..,....., 
..... tt• ..,._.. to M ....... Ga Mi•tla, ftl'•tle• ta CO llONl•l 
t•••ll•tlOlla. a. ..-. .-.a trlU alto tall.-..• tll,e •U•Qth ol dis 
Pff•••ed ut•l'lal.. •01" ... ._. •n-.th • at•t .. f"9 -.. 
ooul•tea• wt.tie: * 4ulc-ed flow olt•raocwf.liie -.14 M •1•t••· 
llolaa (6) .,....,. diat tlta ,..-tol'••• ... ...,14 ••1 10 ,..._. of 
~ tot•1 •••-· IM u. •· _,_.._..,of ip't.oulcun S.aflet llo. 332 
(19) 'llAOtU a ld.aa.. of 1 ,.rcnl OfH _.. In ,.,,or_., h1• floor• .. 
1'• ataiat• dle lou oJ P'•f.• ....._ .. a,.. .. ,_. • ._. aotf.M ·of •tftkl, 
oouturatt• _,t t. alwa co ta. •U. of llle ,...,_.,.._. lelala (6) 
•t•tM tlau • llol• 3/ll l•· ta dl .. t•r u • tloc S/'64 :t.•. wide wt.J.l aot 
alJAw ..-1 •t.Md 1-TMll Of W.at to t•t• 
n. n1£et81• to tla• ,... ... of GI' onac.C '1 • .-rloratH uurt• 
•l l• • .,..._~ vpOll di• t1P* ot fUf•aat .. w ttt. Mll.cU.tJ ••tto or 
pen•t• ope •••· i. ••••t• tut•11•t.- •*" • f•f bate• d.1791' 
nU• _. for duct ..,·11 for 4•ep atol'.,... lt u of te-...t co a.- tl• 
... ._. o.- -.. •s.a will .... ••Uatt.l• ,....__.. 4r-op tol"M• ell• 
.-t. la tM 4••ll* •• opt._. ••tll.iiq •pteM fn flat tMPr••• 
tt t• .... ..., co ..... • ._,_.,. o.f the a..t•t--• ....... -., tt. •.•e 
•• u ... ..,,.c .. pat.a. Pk••· ............ tM l'•e•Ut .... . , ..... ,, 
...,..,._..., ,.rfo•t_. RMb loloilu _, Y• Wbkl• (t) _.. a •llld' 
u•f.ns ,..t.ru-4 pl•U. laftlq _..._. ho1• oa • -.ailu.r.al kl-.l• 
10 
pltcb. fheH pl•t•• wre •u ted l a flu• .ouatina b.twea two aec• 
ttoo.a of 3·1a. t.D. PJT•x pipe. '.nae dlacbar• coefflci•at for tll• 
perforated plat• .,.. correlated wltll •JDOld• ....,_r, pltcb to ol• 
1 ... tar end pl•t• dlt.cU..• to bole dtaMt4n·. In tbla •tuc11. &•J110ld• 
..-. ... raapd froa 2.000 to 20.000. Later,. a •f.llUar •tudJ c°"rtna 
the r•• of byoold• .....,.r• froa 400 to 3,000 ... ud• by Wtla and 
Y iakl• (17). la tbe ·~ •tucli•• a ...S.•1111plrtcal approaela waa 
uMd. Th• factor• coutderecf to affect t • orifice coefftctent for 
perf oirated lat•• were; 
1. fl\lid ..,.loclty tlarouab tile orifice. 
2. Plutd deaatt7. 
l. fluid •1aco•ltJ. 
4. ole dl41111ter. 
s. 1• pttoh. 
6. Tblcknut o tla• plate. 
Co1'9iderf.na tb•ff variable•,. lodl•• 
lowl dille1'9loa1••• ••u•tlo : 
Vaa Winkle (9) wrote tbe fol• 
(4) 
t'kl• • uatf. •• u. u • beef.a f r the corl'•l•ttoa of tile expert.ntal 
ata. Aaeuatna that tM iautaaa ar•• of tile plate wu perfor•hld• tile 
coefftctent of diecbar• fo tlae rtfice plat• .. calculated 1 ..... 
of tbe follOVS.na relatto .. bips 
n 
V• (S) 
s.tt ad •• ia 1• (17) 
le dl ... t•r ratlo or a ••r1 .. of 
f ·Cl&Ue plot• 
1 t r akovs c.b t 
ff tcl• t of dlacll i r ... l tllA t tcktMi•• 
1-t•r l'atto. 
c ut.tted of • 
~ .i perf •attOD QM 
lar•Aaped pu.n&1l.il openlq; vbU• tM otaft' vu 
tact tROCeaa. 
er • • t• en pn•• t.-1 f.n ...... cal fora al vtth 
t Uowlfll u 
It well vi t paia 
U vita c 
lilt n11 wit 901M-. 
11 all wi t• 
• •l I en (4) 
to fit t 
ll(t•)1•B • 2. 91 
(r') l .. SJ • 7 .40 
<•'>1-i1 • J.30 
(f')l• 2. ' · " 
H•f.•t • wJ.tla o·ra u evJ.4 t1J u.e t 
of tile ef feotiv• penlaa ., d&• unel•. !be 
uctto u lft•t••t 1a t!Ma ...... •vita la~p 
reo aDl'll•r•ab.aped p• foraitcm.1 • 
... XS.r•o (4) furtll• atat••• 
l:Z 
4 l•l'P ..,... ... of -11 J:*rforatlou 1• to M preferred 
O¥er • ... ll•r ~r of lat' .. ~ 1Mtrforatioa• for th• .-.. 
--.ant of opeat.111. 
• •1CP1••tl.oa. ol tu latter •t•t-•t ••Mt tncb1ded ta tll• 4i9C••· 
13 
AIALYlll or 1'111 ftOIUM 
Th pn>),l• of pndtotlaa ta.. pr••..,.r• drop M*'°81 • ,-rtorated 
U.et eupporttq a porOQa -41&. ten: • .....,1., sr•la, cennot IHt cOl\ft...S 
to a etud7 of tM •et alou. !be pr ... ure &r•Ueat to tile -41a ta 
p1"cn~ill1t7 wtdl tka .U.t pl•• tile tdlv•ac• of <It.• Mdl• ta reduetaa tu 
•ff-.:tl•• ana f ta. perforatlou ••t b4I oo.•i4end. Tu --.r end 
al••t: l11po.11i1Jl•. l• ~i• atudy a Mplrlc•l approach YU a-4. 
!he preawn dr•p th.-ovp a p9rfot'ata4 a..._t tNpportlq • poroua 
mdt.a ,.,_.. upoa tile ...-el'J of die ••t• th fluld. dMa -41• _. 
tlae flow. TM perf at-4 •he•t• um t.a ti.ta atui7 kad roued llol•• 
he4 oo aa -.at ater1al trl.aal• plto~ (rt .. ...- l and 2). 
tbe YN'lat.l .. coottdend pertl ... t to tile prolJl• to•tla•r wltll 
tlwlr •f.c dt..oatou ue; 
' f laf.d velocitJ 






•aol\ate vho •it7 of tu flvW 
p-ata tdlM a factor 
., arnt r••••r• dro1 aero•• tlle 
perf orat-4 •IMl•t 
14 
At • f (V' d. , • &: I • ~' ) 
11•• tbr• b1depndeat di.Mael-. are inolv.cl, dae hckt•P• Pt 
n .. ..-. tedlcate1 ta.at • r•latloullip coulcl M dewlol*f uiaa fl• 
diMMlonl••• J&'Wpa 1' Pi ten9 (lO). TlaeM wn wrtttea •t 
(6) 
(7) 
aaaed oa the .. -t'rJ of the .U.t ad tile .. ..,ttoa tlaat tlae all•t 11 
1ar .. l• COJllPUl ... wttll th• 1'ol• lto-11, r ..., k "•luat.ed la tena of 
the ·llol• pltok to dl ... ter ratio. 
eo..t••rl•a • •laal• b•~ t• rt .. r• 2, 
., • ,,.2,4 
•t. 0.166 p2 
1 • Af/At • 0.907 (d/P) 2 (I) 
Appltoati91\ of tbe p~laclpl•• of 4t..uultoae1 ... 11111 (lQ) ... 
aou.q daat p\'cl/12'4 ta &e,aolff _.. .. u4 r • f(Pld). 14••tloa 7 .. ,. • 
vrltt• 
(t) 
ft• dl .... t lu• tera G expruH• tlM clka•c.rt•ttc• of tlM pda. 
lncbaded ~· aucta f4'0tor• •• •hape, tetvn eoat•et, ..__ t •f fontp 
ff.pr• 1 • ._,1 .. of tile c,.,. of,..,, •• _.._, • .,...'" 'feat• 1 
'° 11 lnol•l• 
r• ''' ,,, ''' . ',,,,. ,.,.,'. 
,,, ,, •' ,,, • ,, r•••· ,, ,,,, , ... ,,,,, .. , ,, . ,,,,,, .. ,,,.,, .. ,,,,, 
.·: <·>>:-:-:<<·>>:·:-:-:<<·>:-:-:-:-:<· ,'\ 
' ' r r r r r r r•r • r r r r r ' , , r r • r , , , ~ 
'rr• r r rr•'''', ''''', ,,,rrrrr\ 
,·:·:·:·:<·>>:·:·>:·>:·>:·:-:-:·:-:·:-:-:-:-:-:-:-:-:>. x:-nnrt2:.m 
··::::::::::::::::::::::::::::::::>:::::;:::::::::::/} 
-rr r r • r• ,,,, ,, , ,,_,,,. ,,, ,,,, 
• r' r r •• r r r r' r r•rrr•,,, ,,, rr-
''.''' ... '' ,, '' ,, ' .. ,'.'. 
r r r r• r '' r r r r • • r rr•,, ,,, '·.:.·.·.·.·.·.·.·,·,·.·,·.·.·,· .... ·.·.·· 
. ·:.:.:-:-:-:-:·~<·:~;;/ 
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Figure 2. Perforated sheet having holes punched on an equilateral 
triangle pitch 
°'4lr-.:ter of tia. sr•ln r bol4t 41 ... t•r .ay r•tult 1 a ne. Yalue of • 
l oalc latS.Aa tbe value f tlM Pt t•ra !illl>f.a2• kllowa .. tu luler 
l&WMr. tile oppan t 'ftloctty wu •elected in p f•t•aac• to dae awrap 
"Mlocic7 dlroup tlae perfor•tiou. Di• Hlecttoa fff••tff CM carwa 
of . ltt ........ •tt•• h790lf• ..a..I' fOf tlM vatou• •alue• of r. 
lepAaratlOI\ of ~ o~~· faciltta~ anat,-ta. 
Ocbe.- factor• ttuch u pn••ur. tap l atlo . _. ... .,.of tlae upetP• 
rlflo• 41dpa vu• ... _. to h ooutaat la *'• lJWMti1atloa. lfl'l•-
ttoo 9 wu uMfl • • t.•u for o.on•l•ttq tile ..,._..._.tel iil•t•. 
the _,.rtraatal -.ut,_.t (flpr•• J _, 4) aout1t-4 of aa all" 
,_,, tul'bl• • tbtn .plat• od.ft. • •t•'f • pl ... cau..r ..... t•r• _. 
• ••ttoe .. ar•t• itto., n. alt .......... t1a1.1,. tH ..... tlaat 
4uutH4 1J1 a.N (1.5). ftt1 -..1.-1uz •• Mlllftd to •U.alut• tlMJ 
J•k all.aft "8d tlMI ..... u~1 of 1hanat.a1. •pr.a•t• ..S eWa to .,,_, 
tlMt rM• of di•pl•...-.t of *- kU. two •t-ttw tJINI traMld••lou 
•r• lutaUd 111 tile drtw •,at•wb:lcll ...-atlf l•tU.tatM •k•af.•I 
tla• PQllf dtapl .... .t rat• ..... (2) llu ••nr1Md ca.. par tr•l• -.t 
tabu1.at.S ._ etr flow .-a1•• for t1M vat.I• a . Ututiou ot ••• ad 
aprockeu u•• •ltll tld• a,,..at.u•• 
n. turbtu va • lpeacu turk ·~ .._f.otend bJ tM 
,,.._.,. '!vdU.u ~of 8-tfon. 00..Ctlcut. th -••tol'•I' 
..-silo that t .t I.• c.,.a.1e of d•1lM•taa lU efll al • •t•tt.e p••••ul'• 
of 1 t.:b of •fffU'J• ft• t.1n'ttf.M ••. *'1&lpped vi.all a 1' 1kp. 1200.,. 
.a•l•r••l •lttetl'tc •t•J>• a. od.ala•t pl•,,.. eo cntnl tll• ,,_.of 
cu cvrbl• ud ~*-air ftow wttlt • 20 • ..,...,.. GIMtt•l IAldf.• ••l•i 
._....r. aputeac• • .._...that •re Mcnab ••tso1 ••l• Ile ald.9ftd 
bf • co.blutioa ol ·the vat..o _. a dJ' i.tact ct da4t tuf1>t• lll1•t. 
n.a wrld.• .- at.r ,_, wn oODMote4 co dt.e ,....._ .--.~ bf two •~~ 
H.oaa of dd.l\ wall ••Ml tutlta1. hltat>ta flan ... wen an.._ • 0. 
tot>tq co laotlitat• c.out...,..tiot1 •f • tb.S.o pl•ta orlfl•• •t•c • 
.a .. od."4 i• ·tllit A.t .. K.1 • ._ .. t••• Code (1) .. • ••t of tU. oil.Ii•• 
plat .. ""• MClllMCI Md ••l'f•• pond to penit • ......_.t. of at.I' flow 
•iq th• pul>U.._. -..1 ... of flw eO.lftcf.ent (1). 
,..._. 3. Or•i• col~ _.. t1- ,._.. .. vleb .-1lfeJ' •'••• 




























































































































































































Aa the aver• t ld clt.-ter of tlae pl,. w• ). 52 ta., it,, .. 
MC••••t'J to 1 t• lat• l>etwn t • •alu•• pubU• ad la tM .8.K.£. 
Power T••t Cocle (1) for th• fl°" o.,.ffici•at• I r • l•ta. 4•ln. 
c f ftct• t• for • o tfto• plate. The t••t ce>M pentc. t 1• 
brae ~lf tce pl ••· 
Tebl• 2. • r•tto of orif lo• 1 ... c•r t 




'like callbratlo of 





cvo ... 11er rtlie• plat•• .. keoir.4 •ioa 
air dbpb•c- c ,_.. !'Ile value• of tlall race of dr te 1.-oc 
o•lculee-4 froa tba p 
..n.a pel'ceat• dtf fen.c• •twan the o Mrnid f 1• rate• thl'oup tu 
rlfto• plat•• and the 4leplac ... at pu11p ... 3.6 perceat. tb4i perceataae 
Ufenec• vu 
•1•1ler compartaon "'*tve• tbe t,347•to. orlftc• late aact dtie 1 1/4-i • 
flw noaal• yt.•l ed • ua11ua 4Uferanc• of J.4 ,.rceAC baed on 
t1ae flow rat• lanufjll t"6 noael•. Collpl• ~• data f01' tlaia .. .,, •• of 
t••t• 1• aova la Appod.la I. a...a o tM aNw r..,.lta, it w.. oa-
c1\lllad tb«t t1Ma .,.. of tla• oT"lftc• p1•t•• aod flOlf coefltet..nta o't•laed 
f..- tlMt A.I.If.I. lowr hat Cod• (l) 'tfOUlcf provide • n..-.1, 
• l'•t• •tr •t•rina wlc:• for •• wt tla tile lfeQO•r tunt ... 
ne c71f.adrtca1 pl.._ o"-'er we 27 ta. kip aa4 lS t.•. ta 
dtMetei-. A l/4•t • ctreolu •t•l plate vs.ct. a 10-i•· 41-ter .,..taa 
... wldM to dM top of M pl._. et.._..r. ftt1 plate W els 1/2•ta. 
1.r. 11o1t• t11l"UM4 lato l•• 94VaU1 apaeed _.., • 12 S/16·1•• 
4U.ter clrol•. 
A •ttabl• ocnu pUt• wee abo f•rieabd. !Ill• cower.,.. 
ooutnoted wt~ • c•t1:all7 loo•ted ao1l• M that • pufotate4 dtH 
Md tu HMt Mtal col.um owU k •H•l• ad ru1M4. A Mal M• 
~ Ge coU• md Mta1 col.m •• ot.t•iM4 atq c.o 1•,.r• of 
l•t..a.-wU• ... ktna t.,. oOWT.a wttll • 2-t.a.-wfA• wW..r -..... To lliolt 
• pl•ma o .. ad4er, iu.1 .. wn drtll .. 1• tlae o.ner 
ttll tJae lta t tla• •~l plat• wl4e.d t the 
pl ... c~r. AD alrtlslat •••1 Mtwa U. cw platee waa ot.ulacl 
•1 o ... ttaa • aMet of 1/4•h. l'l&M»er ..... t •t•d.al t ••la of 
plat••· 
hUNftl ..... ..._.ta WR .... •t tM ple ... Gia I ft er and a die 1-. 1 
l•, J•, 9 .. ad 12- • poilat• ~ tta. ,.rforated -..ea. hUMn 
....... _ ti at tla• pl..,. cla-.r ""'" .... "'*' • plM•••t•r .. , .. 
I ne4 •1 Wl'.,-Ptaa a 1 ... t• of 1/4-s.a. eop,.r cuta1 aroulld tile ,1 ... 
-. -4 cotaMtett 1 it to UM 4Ja .... r ltla ftw ... 11 laol•. hu•n 
26 
• 11:- h oo tile •ol.._ wt'• .... fr• tepa wtat&ll coutetad of llaot'' 
aat.U £ 1/4• a. ~r biq ooaaected. to tlM eel- b7 two 1/16•1 • 
1 ..... 1/1 ......... t. 
• 1tu47 f 
that tn n Utc*80• ffand to tile flow of f._..tcl tlar ata • W of ........ 
lu - •r1•1 i• aot .. .. ..... c. of the •is• . t tlle c. t.U.r to nlch 
Ile •t•rial le placect. .... (13) oaolwl• laat tlrie •ff•t of t• 
oatatlMr U for a olrcvlar oolua .., M •alfftAMI, wlaea CM ratio of 
1.- di .. t•r to ,. ic la cll-t•I' ... anatu -- '°: ror - -ta. 
· l-t•r colw tM ... ,.,. •ffMttw PRtlel• ~u . -u-r l 1N 0.16 tn. 
ll• ao val • for t1ae •f fftt .... ctt .. t•t' of P"d.• lrar•l• 1• publl...,, 
con pTo'-811 •ll-"t11 ....... ·tJte -... ratio. IM4cl ( 15) • llc••••r. 
c:O!lifAuct.t a Mrl.e• t ceJJ • vltla con 1 • •la. •t.-tel' t11k. • 
l\14e4 claat ta. effHC f tJae ooatalnu wu -u. a.111 (I) .niecl 
out t .. t, •iq a 1 ft. 6 ia.11-ter col- _. eoaol-.. ta.at die 
dlu . "· * ...... u. ,,.. ... tbn th •ffect of th ••1 •• , tu 
8•1 • 41amte ..... t •ta1 col-. . dle Jr••IOn p.&l•t tlaroqla .tile 
ootum ot pata 1 k eufflclelltly ... u t .. t tt OCMlcl a. ... lttOUd. 
A ..-tlty of perfOl'ate4 .a...t •t•l wa •tullM fr• tlM 
larrtaac l•rfosa&l•a •• i.., Clal••· llUeot•. AA l•f.a. 
eat~l••• laol• .., (11 ... S) .... GOIWtrucc.4 to r .. tlitat• c•ttlna • 
.. d.u of •t.a. 41-eter 41ao• fro. M: ,_foret .. •art.al. C.rtaia of 
o. .. 4t.H• wen tlaeo t.,.. uf.q • :PCMMn .... tttw tape eo • to 
proYW• • .. d.N of •••u, tile ope a.a of wlaiQ epproxf.Mtel1 4oub1-
figure J.. 1'01• .., ._.,_,_. to ·Rt I-la. 4fMlctC•r 411e• ,.,_ CM 








































































































































































































































































































































































































































































































' l• 3. SpM:tftcatt t of perf ot' ted ahuta 
lfo. of 
he•t Bole Opea ••• Opu ... laol•• 
llbet: 41 .... t•~ heh c•lcvl• *1 °'""'"' .... O..p . , (ig.t <ta.> <I> .iv 
Al 3/32 0.140 40.U 40.01 2920 22 
A .. · .. 173 26.73 2 .17 1941 l6 ., •• O.tU 22.$6 22.'8 1645 If 
M n o. '° -- t2.76 12.44 904 '· 
A5 0.313 .u 1.00 SIO .. 
A6 0.374 J.61 s,,, 402 
A7 .)00 !!.t l.13 229 .. 
" " 0.62.S 2.02 2.06 1'0 A9 0.7 I l.43 1.42. 103 •t 
AlO 1,00 o.7tt o.nt ,. 
All 1. 2..$ 0.510 0.49, )6 
Al2 ., 1.50 0.354 O.l,7 26 .. 
AlJ " 2. 0,199 0.206 lS 
Al4 n 2.so o. 121 .127 .15 
11 3/16 0.211 40.11 40. 733 l 
12 .i .308 :J.44 3.01 601 •1 
13 o.432 17. 17.30 3tS 
14 O.SJ7 u.oo u.oo 200 n 
15 0.602 8.24 a. t' 
16 JI 0.8 1 4.21 4.23 77 .. 
17 1.09 2.•1 2.69 ,, 
II 1.~ 2. 2.03 37 
19 •• 1.72 1.01 1.ait. 19 
110 f t 2.1 0.10 0.114 13 
111 '. 2.48 0.515 0,510 t.3 
Illa • 2.48 O.JU 0.49~ ' u 112 3,45 0.25 0.261 4.1,S 
113 4.29 0.172 0.192 3.S " 
tllta plat• orlf lo• .. t•rtua •1... t. o... 1•1 of • •tatlai- llart.. ta-
c UMd ...,..t•r, • 4S•l. tube ....,..t•r (looal coutruotf.ea) 4lll4I a 
:u 
untfo14 eo th• vcrtou.e pn•9Ut"t tap• n hotb ~- pl._. cb.-.Z. Mel 
l•U\··"•U..-ter c•lom. lpt'lftl cl_,. •i-• .and to tntat• tu ,....t•r• 
•• pr••••T• tap. " •• ...,of tbo app~t• Pftl•&l"• ..... t.n wt.ch 
••h ... -.t•r -. wHd toptul' vt.tb tlMlf.1' l..,t •t•utoa foUOIJM: .... 
(t•. °' wt•r) 
o.o - 0.3 
0.1 .. 2.0 
%.0 - 35.0 
Laut 41.tala 




Aft 611."pld• -4•1 2144 "•-•r _. n.t Le Neol'Cllaa -~~le 
,_....... tw 4.1. a.pi.a ... 30•r to 12.0•r tll•,...t•n "'" •• In 
t..,.ratun ••uw ta. One dMl1wt•• vu •tfttld 10 tit.at •t '.Mlb 
«"•141a_p eould \Ma obtal.Md. •••I "11 low •al-. tuwtna a 1eat: dl.C.af.Oll 
of one ounce ua _,1o:pd to •lab ~- ""'lNll t>aeelut• of •at•· 
)2 
alr reaiat._ •tudy. TM•• two ar•tne ware ••l•cted INcauM of tu 
apparent pb7•lcal «liff•reac•• th• fact t1aat tlae7 are fn..-11tl7 
atoi-ed 1 l•r .. 4l\&Anttti••· !Ater, arain aorpwa, aoybeau ead • 1•a 
araiucl rice ven tncl\lded in w acvcl7. ft• t••"• to .. ther vUlt Clae 
Teet • .'re of •1•t• Sb••t .. rl•• Grata 
l $ucttoa a\ llo &r•1• 
2 •f • lo arala 3 tt A Con • • Con s It A Wheat 
6 I Vlleat 
1 lucttoa preeeur• A Cona 
" I .. Wheat 
9 " ·~ A lo1"au 
10 •• A lorabua 
11 0 •I " A •tc• 
1.afonution .. co dMJ p:acl• ad otll•r apecUtcael-. of tile aratu 
uffd 1• ...-arlaed ln Table S. la .-rel, the aralu were cl•• and 
. dry. 
Several •tbod• of fUUq w l•ln. colum vlt1' aralo wn 
1avett1&ate4. Attel!pte WU .... to place the 11'•111 With & alaf.11111 of 
COllPectlon. TIM•• •thoda "r• dlscarcled kc••• r•plicati Q of w a.-
Milk apeclf to 1"l1&bt froa ftll to fill v .. difficult to ec111.... Alto. 
coulderabl• MtU.-ot of the aratn occurred parUct.alar11 at the hltber 
33 
Taltle S. lfeoificatt.ou •f ll'•iu tlM4 to tM tulet_.. to aU fl• 
•twiJ ., ,..., .................. u ... P'•ia 
a.11• ,,.11 .... ... 
....... .i .. ... 
, ...... Mterl.al 
•twapt 
Hout.... ... .. 
11111& ..-Ute •'IM f• i..u J, 4 _. 7 
llalk ..-dfic •lala at ca• •f.Pt ... 
loft ......... ·•••t 
........ .i .... . 
, ........ w 
, .. , .i&M 
Ut1ln ..... ,
.. lk .,.Ufio •'Pt ,., Tut• s, ' .... 
9'alk .,..,,,.. _..,.., - te• •saM ... ..,. ... 
...... el •• ,. 
........... t.al 
u.c. , ..... .. ... ---. ... .. 
1u1• .,..ut..c •!Pt •• t.•t ' 
llllk .,..uu -- - teat ..... , -· .ta ...... 
........... 1 ..... 
lot'•lp ••rial , ...... 
lfOlahn coateet 
k .,..uu •f.alat f• 'fat 10 
i. .,..u.,. wqhc at &Mt wspt 
°'" ... 





lulk .,.cift.c •JPc ,_ ., .. , 11 




1>.n - 1.J11. 
45.1 lit/ft,- -
43.I l1t/tt> 





'·°'' •1.1 tlt/tc? 
U.4 1•/ft., 







... 1 .a.a. 
0 
0 













































































































































































































































































































































































































































































































































































































I Mlectl t 
37 
w• fU1M vltb II' tu. tt u loeat.94 oo tb• 
-.. f •1r !low i-•t••· cu ot»J•t .,.. to lacluiil• 
aipt • ·omaienct f.a \odl ventilatlq -' 
tu tul' IM ..S tor thft calcul•Uou inolvf.al •PHf.flO wtpt _. 
vlecoaitJ of .tr, a ..aa value of 0.071 l a/ftJ ..S • ,..,. l:Mal~ t .... ra• 
t " of 1 •r nr• eecl. ftte ••S..cd, •f • -- val• fOl' •peclftc 
l.abt ad ci17 lb ...,_.cur• -.14 ........ .-1. ta •tew f eu 
•• of •utatt.an f UM• vuial... TM epecUio vetpt ••W troa 
.o to 0.073 lb•/ft:>. !he •17 1".alb t._.ratue r ..... !..- M•r to 
94•r. It la •• iutM tlaat dMM •l11Pltlto•tl•• wul lotrodvc• a 
M&ll11 le •nor t tletendulas YiMOel~y aJlil • ••llua error of 2 feT• 
cea& ta d•t•ni•laa tU alii flow r.ce. Prior to prooeedt .. wtdl tbe 
telC .l'OP'•• tlae ct011Plete .,.~ .. VU 
tllolie lHaC wen M•lecl. 
tha pMral proc N to nalu.t• dMa ., ..... t drop ta •t•t'c pree• 
tee• ta the covw pla •. Mel tbe edp wf.dl paaffin wu a.ad ~ •11 
axe••• vu froa uouad tlM p of * disc aM froa tbe •ll of tM 
ti•& o Uar. 411 p.aa:tial bolu •OUll4 tile perlpMry of tlMl dtH wn 
... 1ect wt.th vu. 1titla ~ • .,eton t ..... t. A14, IU at2 ... 11,. 
*•" th• vu vaa ...- In. ct. partt• bolu to obtaia U. ... incl 




























drqp aow•• Appaot 
tta4t orlf 14• wlootc1 










22 .. 1'7 
46 .. 791 
t5.U.9 
open ...... Th• lhfft •••1 colum vu l.,.at.C over tbe perlor•t•tl ..._, 
ad the Jotat Mtw!Mft tlae t1CNutlea c•llas ad da• eo1Ulllt Mal..S. fte 
.co1.- WU filled Viti\ arat• ai:odlq CO th• prftiwcl7 d•ol'l1Ma4 
pl'OCdU•· ft• CO'Mt" plat9 •d C01\Jla ..... t.h&ft 'boltM to dle Pl•-
<itu&ml>at:'. 1n--. •Um:uut• la ch• p~ oll-.r -4 at •• 
pnHun t., oa tb• 8•ta. o.olwa Wt'• r-ecft!de4 at th• •lr f tw rat.a 
ebOVll l• '•'1• 6. T••r•t•• _. l>ll'-..t1't" pnt•vn t•ed.S.qe alao .,... 
pertocJ:tca117 recerde4. At tbe CCl!llPl•tSort ot • .. rt•• of 'l"\JIMI •t ta.. 
vulou• atr flow l'•te1, w ~r fUte md coltlllO of palnftl'• "*'"4 
froaa tu pt.nua cluultJer ,pd th• P"•l• 4tQllped into• •tol'• b*"91. lht 
colum .,.. r•ff.1194 ad th• proceu .,.,..teit. 
la clat•r•1Utn1 dl• r•t•'taoce of Cite ,.cfwct.ct ••t •~'C'ttq 
paia, tu Uhllttloa wu a.ad• that flow WM U.aur tU>oap tile tr•lo to 
th• tnterf41e• of tu P'•ln *1d lheet. ft• pH..-• pactteoi tltt'oqtl tM 
11 ... 1a. eotum fJf graln •• plotc.S on orcllurf papb ,.,.., • Tiie c:u.ne 
.,.. ••ttapolatM to tM uro '-ia&tt oi-cU.GU• * tile Pf'•••n at dli• 
potat •~tl'Mtef '"* thie plUUll 'Oll-.r pnalU'e co 71•14 dl• .,,_.., 
pr•••11·• dl'OP ~--• -. fft'forated ... ,. flpn 1 lUuacracu U. 
pwoc:-u.n. ln utHld•tat tlMI JftaMln at tH ••t_. ,.'"'°• oa dl4t 
ciol_. Mlill pl•- clt111nb11" • ..,.,.._,. pr:u•n ... uMd u dHI a.-o 
ref•r-• ,.tat. 
40 




16 _ Plenum pressure 3.2 O in. of water 
14 
12 
















Pressure drop through grain 1.21 11 11 11 
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0.2 0.4 0.6 0.8 1.0 1.2 
STATIC PRESSURE (in. of water) 





Cocutid•r•ol• veriatt t the 1ppare t •tatlo pr••M&re drop aerott• 
nfUled v1 
al~ flaw rate•. it ... po••t•l• to reproduce oba•l'Vatlo .. vltble ;tJ per• 
cent. tb• varlatio vbtcb curr41d vttb ~oc•••ive fttltaa• ... 
attrl ted to t1MI l'adora ••1 t v1!aiola tbe 1raia we• poef.Uooad ta r•l•· 
ciotl t t • parforatlocua 1• t•• elae•t. T• evalQat• tlal• varl•tioa, 
t••ca wer• o aducte4 vltk • •iQ&l• 3/16•la.-ctl ... tet' ol• lo tlle eeoter 
of aa -1.A •. ••U.•et•r dltc.. la teltl• 7 tlM c:oeffiCJl•at of Yarlatt • 
ft.Md. by 1-.decor (11) aa tile ratt of tu •-.1• •taaclard ••vt•tloa 
tvt4H by the N11Pl• ••• ... uffd lo 1.Stcate tlMI ••aree of •ariatioo 
pttt."forat1 • tell •1U.pl• · ope ,... tlae coeffioieat of ••i&tin vu 
"*''* -4. tcb tbe p•rctcula -aut,..at ad pToc•una ue-4, tM ... r ... 
valu • foT c rn aQd Whea vltb tlMt .. rlta• A .sJlll I ..._ta are .- followe, 
......... ... c:odfici•t 
at ""'•• of vul tloa (I) 
v&leat • 1l • 20 A 12 • 22 
th• coeffl f.•• of arl•tloe for •uh Md.•• of nu ac uc air fl 
rate l• tucl 111 pe lx A. 
lu.i atton of 1 • l•r Gu~r to a functloo f 
••• tion ... 11114• at O would ~t ocust.at fo~ 
42 
•t• 7. Varlatloo ta .,pareot •tattc preeeure drop tlarouall ar•ila 
aupported Oft • perforate4 tllHt b.avt 1 • etql• 3/16-tn.-
41-t•l' laol• 
Alt" i1- Mea •taUc Coef f icleat 
J'lt•· Grat rei. pr.,INr• drop of vut•Uoa 
cf!lft2 1 , of water J 
cti ltaeac o. 21 l.67S 4S ,. 1 • .514 2.360 39 
" Com 0.628 o.733 78 ., 1.584 1.0I) 12 
'1-•••ure Wbeat 0.628 1.485 " " • 1.584 2.114 47 o. 28 0.531 68 .. ,. l.SM 0.738 64 
•• •-acctoa •Y•t• i• clef11*1 • a •1•t• a.re air _..., dlrouata 
t • araln to die perforated a .. t• a reeaun •Jtt• l• tlMa nverM. 
eacb eMbS.uti of ll"•in .-d perforatlOCl 41-t•r. To evaluat• the 
effect of tlM 11 tera t./ • -.ud. lta1'1 t••te ,,. ... -'• o•t•a tbe tlkr• 
&-1.ll. dlec• drUl..S vita. 3/l6•1a.•dl-ter hol••· A d.eecrtptloa of dae 
dteo• vu incl 4ed tn cbe Metloo. on experiMat•l appa~acua. 
11a• reeult• of the•• t••U an •bon f.a rtpn• 8 m . I• polat 
tb••• ff.pru t• tu ••of tk• ol>MtvaUou fl'Olll « Hrte• of ala 
rQU. After ••b ••rt .. of ruu. da.e c7UD1hir of arato WM _.,tied Ud 
refilled. luatutlou of tlMa ounu at tbe latper le1Mld• llUllMr• 
woul t t.c•t• ttaac la tile "-.. of •alu• of ,,4 • t./4 fr• O. 2 to 0. 7 • 
t1Mt luler AUll1ler 4ecr• ... • M IMt valu of t/d f.acr• ... •. ftll .. on ... 
to twa the 01'cl•r of S to 10 peroot. &aat.utioa of tM 
curvea for tb• r•lati k1p tweeo tlMt coef f iGiellt f 41.c ._.. .,.r•u• 
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Figure 8 . Relationship between Euler number and t/d for perforated 
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NUMBERS ON CURVE S 
INDICATE VALUE S OF R 
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t/d 
0 .5 0 .6 0.7 0 .8 
Figure 9. Relationship between Euler number and t/d for perforated 
sheets supporting wheat 
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...,.., of 600 cite coeflt,d.••t of cti.•eiaep lac-PM• 4. 7 puo•nt • ttall 
••lv• of t/d tncn .... fr:• o.a to 0.1 • ..... ._ .. a.•t1on s ....... 
tc oa M .-.... thai ior: • coutmt ••1• of I' • loot'• ... f.a eta. OMf• 
ff.cl••• of ducllop of 4.7 perc•ot. .,.14 r••lt 111 • ••s._• of 9.6 
,.r~•at to taa. ..-talent ••l:ue of tM luler .-.... Tile work ,.re~ 
lty s.t• Md •• tflnkl• (11) ... 111 tud t.e coal·ta di• coacl.,•loa dlae tn 
a. r-a• ot t/d ot .o.a '° 0.1, • t.n .. lo tlMt val• of t/d _, 
... _..,,,to• natl 4ecn ... la tke lul•I' ...... 
VtJ.• 19lat100: t to 4..-lop • con•S..ttoa. plot• •n couuuctect oa 
101 ,.,..,, of lulu ·--r ur-. le,aol4t ...._ lo• dMt ••tou va1vu 
~f r. 11Mt fl hnS t /d ..S G ••• c:Ollttdtlr_, co•••c for •acm ..-1a .. 
U.oa o·I p•la m ..._, •••lN. Tile 41. ... ~•I' of *'- pwforaCl.OM lo 
••b .._, topdltlr vlth w ftitt• .e1ooltJ .._. tlMt •rfol'•tt.oa. 
vu_.. to ulev1ac. &erool•• _.,, , .. ,.lad 2 ver• _..vita.• 
pas.a covutoa tile ._ta T••t• J a4 4 wr• Mit• wttb ·•n.; lmll s ad 6 
•1th ...... 
tu Mxl. at41p vu to 4etat:'illM bow ti. l•t•v two Pi te•• •1 '* 





latio of o,.a area of ti.. perlorate4 alaeet 
to tla• total •••• 
eina th• 4•ta fo~ teat 3. tba 101 of &uler DUllber ,, .. plotted 
••tut tba 101 of l•JDOld• DUtlber for a.ch •alu• of r (ftaun 12) . 
Q.arw• vere tlttad to the espertMocal poia.t•. It.ace the ourwe appear 
t break upward at a a.JDOlcla 1lWlber of 300 • the b!Plrical cu.,,.. wr• 
broken t to two aectton9 and relatioa.blp• 4.,..1oped f•r e.ch part. the 
obH'&'W4 pot.ate for that MCtlOft of tU CUl'W We•e aaJQOlda CWl!Mr ta 
areater tban 300 approaluta atraipt parallel Unee h.,,iaa a elope of 
-0.07. the relationallip betveen Y1 aQd 2 for any two Ct.Md value• of 
Y3 ca11J be expr•••ild ut 
"t= • 3 
f(TY) • 1•7 •0.07 
2 3 2 
(11) 
(12) 
vlMtre dae va1' .. • of tbe coaat•t• I and 1 • depend upoo the value 
••l•cted for 7r3 -4 =,r3• lf W"z aod T3 can be cOllbtrwd b7 •lU.pUc:attoa. 
the following relatlonahtp -•t bold (10) • 
47 
2 .. •• • 1000. 
'8tt tl a u•t' 11 ... 12 1 1J Jlel It 
1 • uatlo 1 t• a i • t1t7. Ollbinati bJ .... ttl 1tcat1 i• 
ul le. 
(13) 
t •t 11R t:Jte r•l•tt M l•r I'• • plo ., .. 
ccn: .. ciruct..S log pa I" I ler ,,. aua r wit 141 :r 
lie ooat (fl l'• 13). as. • 1• cune •l ., roxtaat•• • atralpt 
u , tb• rel.a •-a»r• H4 u: 
• let 
A •illllar r r. 
JROld• llUlllMr 
... 1 f I' each of 
(16) 
r .. • porttoa of na ... 
• 300, cuna wre p1otu4 and 9'••ti 
t••t• oochao • rtaur•• 10, 11. 12, 14, lS 
1 ar• plot• oa l a .,.r o 
••U t I 
7f.pn 10. a.lathMlaip be.._ 181• ..,.., ..a .,_tu ...._ 
f « teat 1 
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0.00206 
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---...:-0...- - - --o.oso 1021--~----+~~~~~-+-~~~~---t-~~~~~f-----i 
----MEASURE ~p _ 0.90 
-----------PREDICTED FROM to y2-f2 
a 
•1Pr• u. bld ....... ltetwft 1-l•~ ......... ,...,..1,. IJ ·-,_ , .. ,, 
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n_r>c 
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~----.-- o. o o 714 
0.0203 
0.0269 
------ --- 00828 
102~---!-~----t------'----:--=-=:-----,,--,.---=-=-::-t--~ 
------ --- 0.110 MEASURED 
-------- PREDICTED FROM 




R > 400 
IOL-1..._.__,_.L...U..L-:--___.__._____.___.__.._._.-'-'----==--..___...__.__._._..........._L-:-__.___._---'--'_._._.........._~ 
103 104 105 
n 2= R 
/ 
flpn 11. ..1., ............... Dal• .... " ... ..,..1 .. .... t
,. -iwt 3 
(Qin ..,..,_. • .-for•hd ._t• ltaYiltl 3/31-la • 
...... t• '-1-•·> 
53 
0.00206 
I 05L-4L----!~~~_:::::::::~=1:=-~--=-,,,,;-..... ~-;;-;;--;;&.::.:--:.::-~- 0.00 3 5 7--~ 
0.00495 
---------------- 0.00796 
0....1(\J 0 <J? 0.0142 
II 
~- 0.0206 
0 .0313 1031---- ~-=-- ----+-------+------+--1 
------- --- 0 .0553 
0.080 .. , 
.... ,, 
I 021------1-----'_ .. ~ ............ _-=_,-=-=--=-=-"*---
0. 124 
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• • MEASURED I 
------ PREDICTED FROM 












0.01 0.10 1.0 
• 
Hpr• 14. ..latioulaip be&w9a 1111..- .._ _. ..,..1,. .... r 
for tUt 4 
(Ctn _,pott .. OCl ,_f••tlMI .... ti U.1111 3/1 .. t.a • 
.... t.1' .. 1 ... ) 
57 
T-----;-. --.t.-L .... 0 .002 61 
............................... , 
-- -;-:::-::-~~~--L-------------- - -- ---0.0104 
II 
--------- 0.0269 
l(\J 0 0... > <l Q. 




NUMBERS ON CURVES INDICATE VALUES OF F 
MEASURED I 
---------PREDICTED FROM 
~P 550 ~p 540 R<400 
PVt Ro.12F2.os · R>400. '° V~= Ro.5 F2.os ' · 
10~~~~__.___.___.__.__.__,'-'-'-'---.,.---'---'--'---''-'--'-.J...J....L..~_.____._-'--L__._._L...U...,,,_J 
102 103 104 
n 2 = R 
'""" u. &el•tooatp ........ 1111•1' .... , ..... ,..1 .. Ill .... ,_Tait' 




IC\I 0 a_ > <l Q 
II 






--------PREDICTED FROM EQUATIONS 
00142 
00206 
NUMBERS ON CURVES INDICATE VALUES OF F 
~p _ 504 R 300 ~p 440 
p v; - R0.12 F2.03' > . ,0 v~ = R°·50f2.03, R< 300. 
li&W• 16. Ml.•H ... tp kf.tlMll loltt ..... __. ..,_lda _..., 
f.c tut 6 

















..,u.s at'Ml :re!Uled In· ellCJI NG. 
bpre••ltat n. l'«l&tJ.OMlait foi IUl•I' .....,, bJ1i01d• ...... ad f 
f.n th• f on. 
(17) 
Table I t•Ho•t• t:M valu•• ol th• COflffld.UI - ...... " fn w 
•atoua c.°'*lutloM of ar•to *" ,.l'tOl'AC:lld .._t ... 
Tale a. Coefficleat• ad ercpnaate for uu vlth a.•tf.oa 17 for 'f .. t• 
1 tJanv• 6 
·ot.-t•1' of 
t••t ,..,o .... ,. Grata 
Sh JI ,,., I .. , t• .. -. , 
1 J/S2 Ro pat.o 
2 )/16 .. ar•t.t1 
J l/JI Con • 3/16 Con J 3/32 a.at 
6 l/16 ..... 
l 3/32 .. ..... 
I 3/16 tlo P'•bl , t/32 .Corft 
4 3/16 Con 
I 3/32 .... 
6 3/16 ..... 
j -• . i l r -¢ . I ' . .f . J 
O.tO 


















o • .so 
k 
2.00 



















to man ••lt.y -.11u dla tdluftO• Oft tM ap,..ent pre.au~• d.-o, 
Chroap Clae J"ll'for•td ....... b7 ._.l'lftl ~ tdtia aratn or «dl&&tnt 
the dl.-t•t f tM ,_t'foratton, th• predtot.lon aqvatto.- •1 IHI Wf.Cca 
in th fora 
63 
°"' 2 Al • L -r. - · !\ · -,_ t (pW/1~)· pk (ti) 
(J.t) 
At••llll valwt• fol" p _. µ of 2. z x to•S •lt.aplft) and J.82 • 10•7 
lb MC/ftl rupeetl.WJ.J; lc&U•t101l lt Mo-
"'.. . . 
\f,W "• 
A"a • t , ":!.\ _ ev ·_ .c.p··· ,. no> 
Iba utuptioo ot tile Dow va1'4•• fo:r ~ Md .f.fi u ••uaabk •1-. dl•1 
vUl .,,rutuc• ah" cOQdf.t.tOd wi•h •uffioiat •*u••1 f•r th• Qalp 
of ara:ia YMttl•tlcm .,..~. 
Tabt• 9 e.oatdM • ._.,,. of tilt cMlftolnl• _. • .,....,. In -•• 
vt.tll 14paatf.OG 20 lu rut• 1 tlarovp 6. 
OD o_,l•tf.oll of 'f••c• 1 t'nvab 6, lt ..,.. apputttt tb•t di• l'•l•• 
ttoukip of &&1•1' mta'-, S.,aol4• aud.Jer ad P cotd.d be epJl'o~t.utH lq 
a ••1• upNW•t.cm tu data t:'«aS- ot et c:e..- tmrolfttl. rt.w .Wicl~ul 
te•t• wn tlltta co.S.-ted oa a 1'•4uoed aullbel' of perforat..S ..._tt .. 
ft• of tlle •rlA• A *"" wr• .. ieoe.t ad tut• ..i.. u•tq com. 
vlleat., aoyk.- 1 pua to1'ala• cnd rlc.e .. Con_. W.•t ver• inel\1494 
in tilt• ••t of ta•t• t ev1luat• th• u .UUJ to r•produce di• dac.. 
ra.auc•• 17 aad 18 lllow tllac n•cmabl• r•productl01l l• po••1b1•· la tile 
alao'M f:tpna tile broku tta npr•Mllt• t1Mt ••••tou ""*10fed ta 
tabl• • C:O.ff lcleat• • t• for WMt with qt 20 to ••t• 1th'&" 6 
T .. t 1.-ter f 
•• perfor•ti Cr•l• c• • I ~'912 ~ " • I . ' ii. 
1 /32 •i• t. a.1o•J 2.00 2.00 >300 
2 3/1 •i• 2.38 -! 2.00 2.00 >400 
3 3/32 4.39 ... 1.93. 1 .. 93 >300 
4 3116 Con 7.06 •• 1.88 l.t6 >400 
/32 ., 1.03 I .II 1.91 >300 
6 J/16 Vh•t 1S.l0 l.86 1.86 >400 
l J/)J lo ar•ln 
2 311 •1 
9.84•10'"' ' 3/)2 1.JO 1.SO <300 4 3/16 12.,0 •• 1 • .so 1.51 <400 
3/ 2 14.42 l 1.so 1.S.> <300 
6 3/16 26.40 OJ l.SO 1 • .$0 <400 
,. .. 3 !S. 
te•t• • 10 encl 11 Wt'e perl~ Mil .. ..,_ .. , tralu HJ'-- aod 
d.ee. 181• 10 c t.du ••l•• for eta. c•fftotn~ and eapoenh t• k 
ta for tb.a n.aluaUoa of tu 







T •t• 9• 10 11 
11 .. u•' i 


































rqun. 17. lalatl_..lp khhn &Iler l'llllkr .S ..,_1._ ......_. 
f « Teat: J 




-- -------- 0.00796 
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102 MEASURED 
-------PREDICTED FROM EQUATIONS 
NUMBERS ON CURVES INDICATE VALUES OF F 
~p - 504 R 300 ~p - 44o R<300 
IJ V~- R°·'2F2.03' > · t::>V~ - Ro50F2.03' · 




Piltlftt 11. llel•ti•D.$J MtwlMI M• ••u _. b,_1 ........ 
fO'f t.•c I 
.... ... •• tM .. ........ ....t. --- ,,, .. ... 
·Cbaahil' lllitlu. ) 
68 
---------- 0 .00796 
104 
0.0142 





-------PREDICTED FROM EQUATIONS 
NUMBERS ON CURVES INDICATE VALUES OF F 
~p 2.60 ~p 30.0 
-2 = 001 2 ·R>300. -2= 05 2 'R< 300. t=>V0 R · F ,aV0 R · F 
t.&1• u. CcJeff1olnt• .- •liPOMftta. f•r UM wt.tit a.ualloo 20 for fut• 
'· 10 .... u 
~ " "' 
T4'1t Dt-Cft'- of 
l'Kh ,.do.a•t.ao ...... o• b • • U112 j Uilli L ·· ·i~- i ~ · - I Jjf.f' " u 0111111 I .I -~ - 1!!!1 .. • !!I j , ..... ' • . - ~ . :•u 
' J/32 .. ,..,... J.0ta10•> a .. oo i.oo >300 10 3/32 ... _. S.44 .fl .t .. P l.PS >300 
11 3/32 ll• ••• ~- '·'' 1.89 >300 
t l / 32 ..... 7.9$st0•3 1.50 1.so dot 
10 3/32 ......... u .•• H 1.50 t .. S6 <300 
u 3/32 ., .. 13.~ H .1.so 1.ff dOO 
rt_."9 19. IO Md 21 •"°'-'tu ftl•ttolllhtp fft lul ... _..r Ml'to• 
la"101da .. I' fOI' tut• ' , 10 .. ·u. 
. Oolle•1at ·• · •alua et C' in tel• t, • .. tlUt• •1 k ..t• of 
tile tall•••• ol the 11"•1• •J&il •t• of ti. ,.,.,••&icm " tu •ppano.t 
•tatlo pna"'1t 4rop dWoqla t.M ,..-tor•hd .._, • ...,_.,ftl !•t 1 
nth l••t• s .- ' ...s T•t 2 vtti. ' .- •• "'* •ff-.tt t• n.o.. •f 
plae1q a Nd of patn ott tile: shoot. tk'•l.n phlcd oa tu..._,.._ ........ 
tne appa.at ltd1C pna•h dt'Of Kl'Ofl tba •••t• 11ae .tUtl l'GUtac• 
.., ta. •ttrib\ll.S eo • red-.otlon la the •tftMttlw .,_ ana o• tb• 
lMttfrwat.M •IMl•t b7 Mr•l• of P•iD # ••-41y. t..e ... t.a....S 
r••lttace 4ve to noa•lf.•• flow u tile .U.- •Pl'Oacthu * ,..-f•l".ttlon•. 
Coll,patHA o f T•t• t _. I., l ..r. 4, ad J ancl • ..,_ tl'le t.•f1un.:e of 
,.rforattoo •t••· lner•••taa tu dU.tu of t1M ,.rf•rau.- fr• J/ 31 
t.a. co 3/16 1•• MC.llt.ci la a 20112 pen•11t l••- lo. •t•etc ptettuh 
ftop for ttMt abMt• vltla •«> CCMJJ'tq of pat.a. C.W•i•a *- .U.u 9'th 
P'•i• roulted 1• a .:out4qal1 ,nat•\- i.•r.... ta •t•tte pn••n dl'op 
Pl.pH 19, Ml•l:S.-&p ....._ lulw ....._ .. .S ....,..id• .... ~ 
f cw Ta1C 9 
(..,..._. _,,..ac ora .-fotd*I .... llnS. S/3t-






NUMBERS ON CURVES INDICATE VALUES OF F 
--+--MEASURED 
---------PREDICTED FROM 
~p = 1.4o •R >300 py2 F2 . 
a 
~p - 24.23 < 
P Vf R0.5F2 , R 300. 
ripff IO. latteublp MhlMa aalu .... r _. llayMlda .... r 
for Tut 10 
(Qraita ---- ..,,...,_. • ,. .. ,_.__. -..te MYha 










102 NUMBERS ON CURVES INDICATE VALUES OF F 
---MEASURED 
---------PREDICTED FROM 
i1P _ 3.75 i1P 3 5.0 
p v2 - RO.II F2.06' R > 300. p v2 = Ro.5 F2.06' R < 300. 
0 0 
lipe• 11. lalatt.ouhtp ktwMn Mel' _..*" Md a.,taolds ..... 
for T•1t 11 
(It• IUftlOl"t«ad oa ffirf01l'.Ce4 ••• "-'- 3/3 .. tn. 
ditllllt•r bot••·) 
75 





---------PREDICTED FROM EQUATIONS - -----+-----1 
NUMBERS ON CURVES INDICATE VALUES OFF 
~vp2 = Ro4.,,·Fl72 .R>300. ~P - 40.6 ·R<300 ,~ a PV~ - R0.5F2 . 
16 
a th• perfor.atton dt.-.te1' i• tncr••ed. The eneo.t of tla.• 1aar• ... 
d.epeacl• oa tile P'•ln, tlle ••lu• of P ...S tu lppal'*At veloclt7 ae1eot4kl 
for w oompariMQ. Coltpata1 ·~ appanat •tat1c pr•••ur• drop for 
wbut oa tM two 11Mlet Mrl•• ct aa appU'•nl ftloe:lty of 0 .. 2 1.t/•M and 
, ••l• of 0.02 rf.•1•• •• followt.01 r••ult: 
Perforation 
d1-t•I' •• ' AP • ,.U•·J ' ' , •• ft£•ec 11 · . • ·-1 11tlft2 
3/32 0.2 0.02 o.663 4$1 
3/16 0.2 o.oa 1.096 902 
It la re .. or&ed dlat pa1rt of tbe t.ncn:au• lo •PP•reat •tatlc pnaaun 
clrop ..,. be •ttrtbute4 to tile reduction of th t/d ratio, di• laflu•oc• 
of •tell bu Mn .a.own to k ••11. fte nalad•I.' •1 be cauaed l>J an 
t.ncnae ill tbe d•ptb of tM Md of ·P"•lo ill Wicb i ·low· U DOll•ltueac. 
T••U l thl'oup 6 we&"• ooodM.ld u•laa • auotton •1•t•. U..ver. 
it v• nt.d1nt Ina tlae reaulu of t••t• peartod94 wttb el&Mt.a uvtaa a 
at.aal• Pfffoc-attoo tbat cbcatng ftoa • •ucu.oo to a pr•••r• •1•t• 
•igllt reault ia • nduct ioa tu tbe apparnc •t•tle pr•••ur• drop throup 
tile perfo~•td •beet. To for·tb.•r avaba•t• tld.1 taflueac• tbe ..-pa.-•ut 
•tatic preuur• cl~op cbwou8' tlal'•• of ta perfo~ate4 Ae4t• \1"4 tn con• 
dvctlng 'f••t• 7 throueb U w.u obtained for both a tvetlon a4 pn••un 
•1•t•. A·~ of th.• reault• i• •llowll in 'table 12 vbtcla wu COtDpUecl 
frora Appendis c. AppUfttlJ du1qt.n1 froa a ••ctloo to a pn11Ure •7•tea 
relJ\llt• to a .._dt.acti•A in tile pr••aure 4•op ..:ro•• ti.. ,.rforated •1Ma4at 
mn it t• eupporttna p-ato. 
77 
taltl• 12. MR•• ..,.ueat •tat.le p!'Hwn nduottoo wben 
cu •Pt• 1• oil__. !ro11 -..uoa to preaeure 
Aeet Pneeure 
•• Crain nductt.oo (J) 
A1 Con 21 
A10 23 
Al2 •• 20 
A7 Wbeat 24 
AlO 24 
Al2 20 .., ~ 17 
AlO ,. 25 
A12 0 19 
13 ....... 23 
Al .. Z6 
412 II 25 
A7 Ille• 2.S 
AlO n 2' 
Al2 H 23 
71 
APWCltlOI Of lllULTI 
An ..,.uon of tlMt fora t:itl "' • 2 • C/1¥ ..,. t.e Qed to COllpUt• tM 
opn ••• of • wotUattna duct wall after value• of c, a _. k haw 
lleen M•..-d or d•tftlllud eapert.Matal17, M'l4 ••l_. of alr ... u, aM 
Yi9Coaf.ty •• lmolm. .WaiUary 1Dforaatioo h net.lat.le te COllfUte tN»tb 
tile •tatic preaaure ar.Slaat aloua tlaa duct and Clae radial •ir flow 
re1tacance of arat.a. 
laaov. (16) 1laa preaeat.ed an 4"1U•tloa to .valuate ~ atatic pr .. -
•r• tn a untfora duet at •DJ poiat aloq tee leqtla.. llukUl an4 lw• 
(7) .... aa.al71.S tbe redial alr flow r••i•tanc• of srat.a eail llaeckl (14) 
haa prO\'ided data - Ge "9lltanu of sr•t• to af.r flow. 
Collpute tM •tatic pr•..,T• P'•H• t .- det•nd• tlM .,..ll'M 
opeo area of • watUaUna .tuct wall to provU• nlfora veatUatt.on 1• 
• alf CJUDdl'f.cal araia •ta. a. ventUatlq dnt te to lutall..S 
aloaa tlae ceat•r H• of • con •t•r•• t.aUcU.q. 
1An1t1a of i:.u11«1ta1 100 ft 
idtll of buUdlq 21 ft 
... ial deptb of 91Mtlled core 10 ft 
ladid of "°tllatt.q 4uct 1 ft 
J'Aaath of ..atilattaa act 100 ft 
fentllattaa rat• 1/10 ofa per ~l 
f aa on auction 
~ bla capactt1 la ••tilleted at lS,IGO 'IM&ebela. ror • .-ntllatlOll rete 
79 
of 1/10 cfa per buHel, be air flow tllrouala • laalf e7Uodr1oal duct 
wall l• 1S.2 cf• per- ft of uct. or 4.12 ofa per tc2 of duce wall. 
"8atioo 6 1n Blaktll and Ive. (7) arti~l• al:aOWI tbat • •t•tlc 
pr••9UI'• of O.OS5 in. ot wat•r l• req,uir .. to ..,,. air fl'Oll a l ft radtu• 
t • 11 ft r•U.ue tlaro.aah corD at a rate of 1$. 2 cfll per ft of ducJ. 
fte Pl'•••n at dae •ad Md of ea. duet _.t M •0.055 la. of water. 
It • tbe pn•eun tocr• .... aeaati'ftlJ Cowan• t1l9 f•. air mat IM 
tlarotUed throua' cJae duct wall lt unt.fena 'ftftCilacloa 1• to occur. Tbe 
required variatt.oo ta dae reetricttoa cnated.., ttae 4uet nu vUl 
•'41&1 the cUffennce betwea tbe duct pnatun Md daat ~--ired to -.e 
air chroulb tla• redial Aptt. of arata •t tb• pneortMd rate. 
fte •tattc Pl'aatul'e alooa ta.. l•aadt of dae duct .., be predtotttcl 
froa the tatearatecl fora of llaove'• (16) •.-attoa. 
...... 
v•4 • e1r velocltJ to tbe duct. ft/Ilia 
b • atattc pr••aur•. ln. of water 
0 • etatlc pr•••ur•, la. of water at tb• dead end 
x • l•oath of duct fro. tbe dead end, ft 
(2) 
D • ~,.sr .. ltc dl ... ter, ft. (For ooacirculer d»cte tlaa bJdraulic 
d1 ... t•r i• •.,al to four ci .. • tlM cro••• .. otto.-1 ar•• 
divided by tile vetted. puf.Mter of tla• aeotton. fol' thta 
ex411Pl• tbe b,.Sraullo dt ... ter 1• l.22 ft.) 
6 • friction factor, O.OS (16) 
tbe ••lue. h • h0 1• tile ...... aeat:to pr•••ur• la tile duct •latch _.t be 
dtsalpal.ed ia drwtaa •lr da:rwall tbe duct ••U tf untfora ftDtU•tlon 
t• to be obtau.t. Tile ••••• lt•t1c pr•••ure b ... bo tu la. of vatel' 
vu •ltlpUd b7 • factor of ,,.2 to COD'ftl:'t tt to 1b/ft2• 
A •umat:'J of the ealculatlou i• coat•trwd in 'table 13 where tM 
ft.pre• ln the col.um headed b ar• th• predteted •t•t1c pr .. nn• at tile 
df.&tac• • fl'oa tbe deal ead. Tb• val•• of • "l•cted rapr•M•t t.M 
c•ntel' of lO•ft MCt1ou ol duct... ft• paro••taae open ar•• for: eccb 
10 .. ft aecUoa wlU ·M "l•etu oa th• be.•t• of cu pr-e•lkln to be •H•• 
tlpatad at tbe oeo.t•• of tll• ••ttoo,. 
Selutt.01 16·1- ,.rtor•ted •h••t •~•l b•d•a 3/32•to • .,..t .. ter 
itol•• punched ot1 • ata .. red pattera. tba ft4'*ire4 open •n• of ca. 
P*l"forated .aa...te ma1 ._ CotapDted vtth th• al4 of 1.-.•tton 20 anti data 
froa 'labl• t. 




.Proceedlca1 with tll• c0119utaUOQ8, lqa•tion 21 _. uMdi bowver, oa 
c•lculatta1 tb.tt value of ll at tM: S, 15, u. 3.S aod 45 ft tocattou; 
leyaolela matlMr va• fovnc:l to be 1••• tban 300. De open uea at th••• 

















































































































































































































































































































































































































































































c•lcula1.._.. _. .,.. .... ~ u. tta 4'loc wll ii ,, ... iD tel•• 
13. 14 .... lJ. 
u a. .._. ..S of '" Chact u .,, ... ......,. a. .,.. ... t.eo:r ... • 
VS.tlaOlat. lildt •inoe n•tricttoa of al# i• not r..,..Ued. V.illfl lquatioa 
a2 _. .. ...,. • •• _... of ts ,..,.._. tlw .icu1a-.. .,,.tent 
•t•tte ,.. •• ,... 4rop tt.eup tM fWfor:ated 81\Mt w. 9.3 • to-4 ta. of 
•t•I'• A a.,..141 .-.r of 14 •• $Alct11-t.S !ot'' tbe ..,. CGl'MSJ.ct.o.1 
vhaqu .... of tt. t:••t• CGDd'1C:ttMI S..1...._. a.,_1u .......... '8 u. 
1"81• hl• ~17 U. lfcliWMU• it 1t IMIU • ..., that w en-or 
llwol'VM 1Jy tlu atr.-,olatloa u taslpf.f tcat. •lMa ct. ,.. •• _.. drop 


















































































































































































































































































































































































'ft• object of ta.ti •tudr ... to eateU.a th• r•1atioulltp .-aa 
the va~tab1•• idfluel.'14148 t•• •PP•went •tatte pr•••vre dl'Op th~ a 
.-pectfic type of p•rfora~tKl abeee .. ta1 vtuua Mapporctua • part14ular 
pain. 
ferforatecl •be•t• havtQa rouaicl bole• puacll41d on •• ...-11ateT•l 
tl'f.011• pttcl\ wre ••lectd fol' ~1• atud7. Ill• ••Ubl•• couidertld 
co inf lu•AC• tb• •P•nnt •t•C:lc; pr•••1"• drop wen~ flutd Yeloctc7, 
perforat1oa dt-ter, o•t•r•to.ce•C:er dtateoc• o-r pttcb, •lut•t thick• 
ne••, fluid d•••iCJ and. v1HMtty, ucl ta tne and oondltloe of tb• 
P"•lo •upportd bf the •••t. 'lli• qrt.i,i., were related b7 the 
fu tioul fora. 
(6) 
It•• thr .. indepeQdent dt•u1ou •I'• lavolved, tbe var-labl•• wen 
oOllbtaed ioto fl,,. Pt t••• and tlw followtq fUDOtf.oa witt•l'n 
lquadon 1 •• then reatranaed and vrlcten 
4'1P•a2 • t<a.r,t/4,G). 
(7) 
(9) 
U.. fl e.ra G, oall..S th• arua illflueuce factor 1 •• atuad to u 
d•pendaot on eucta var1al>l•• •• tb• ph7•l.cal •l•• ad •bai>a of ·ttt. araf.Q 
kernel• or •Md•. aof.•tvr• c;oateat. MOUnl of fOl'eS.p -~•rta1 Md 
•ollotcat •--• pll'•MUt and th 1ia• ad •blP4t of the. perforatton. 
ftroulhout Ill• hat, C vaa ... ...s coat.at tor •1eb oOllblnation of 
P'•in and ••rt.u ol ,-rforat.S •b•t•. f••t• val'• cotaeluctacl t.o 
evaluat,e th• tnf lu•nc• of tb.e r ... lntng ladepeadet\t Pt t•N& on 
M/"'•2· 
Two ••r:I.•• of ale•t• wre uaM • Oft4I hM 3/ l2•t.ra. ··•U.-br Pftfora• 
tt.oaa aid the odMar corataln.ed 3/16-ta.-~U..-t•r IMl••· loth ••rl.•• bad 
th• perforaU.ou poaebed ta lfi·.-p •t••l •tock on an •«autlat•r•l 
trlan1l• pUch,. l•lattoublp• M.vina da• Ion 
(17) 
•r• developed for the A n4 t •h••t ••rte• wt.tel ao fSl'&ia c0Nrta1 cbe 
•he•t _. with the all•t• awpporttna cora ad wheat. 
Adxtltcry t••t• Wltn co.ducted to eval~•t• tile tnf luenc• of tbe t/4 
l'&tlo aDll \tu effect of cllaoalna fl'Orl a •uouoa to a pn••I'• •Y•t•• 
lt.cldttto al t••U wr• •d• wltb tll• 1h••t ••ri•• lln1 1 3/32•tn .... u. .... ter 
perforation• ad celattoubtpa atlll.1•1' to that for corn Md wMt 
de'Mlo,.d for ao1uaa, grain ••1'ah• and l'lce. 
An • ..,1. of the appU..cation of tbi• tnfoftMtictn·t• tb.• .te•tan of 
duct• for flat •tor•ae• ... atvea. 
11'• th!• atud1 of th• atw flow through per!orat.t •beet• aupport• 
lna pain, the foUoviaa concl•lo•• h.tYe he reacb.e4. 
1. tnwn atr 1• forced darouab a bed of lt'•lD hppo~tttd by • perforat•d 
·•t•l abe•t• "V'Uiatlott• io the order of 21 t aa7 O<tcur ta the 
appareat •tatto preffure drop tbrovp lodtvtdval peTfo1'atloaa. 
16 
2.. Cottald•rtnt tb• pain 1nflunce f actol' an4 ti&• ratio of t/d 
cOIUttaat. tile app•r•nt •tatlc pr•••r• di-op tlaroup S-1'fnated 
•b .. t •tal Mipport.tas pato uy btt related co l•JGOld• llWIMr 
aocl r by ao expn11toa of th• fol lowtna t•fti 
lillrR a 'I. • G/lllrk 
3, Aa the c/d l'•tlo tJ.'lCrun• fl'M O. 2 to 0.1, the appareot •tatlo 
P"••ur• .... throup ,. .. , •• tu ...... •t•l npport:iq ar•tn 
clecr•••• altabtl1. n. •Met relatloubip wu •t det•ftll-6. 
4. Tile appareat •tattc Pl'••tUr• drop cbrO\&ab ,.rforat-4 akeeta 
1up10rU.111 ar•tn f.• nduc-4 Vllll th4! t7atera t.e o&leoaed froa 1uctieft 
to pr•••'*re. 
81 
lt.a ... •ted at'e., for futur• •*-47 are; 
1. lnvutlaaif.ou to d•tenf.oe the tntlune• tll• •lttur• coo.~eoc,. 
.._.. of for•ip aced.al md •ch•lc•l c1:...,. haw n tlae at• 
pcent •hH.o Pl'••aur• drop throup pertcn-ated ••u •UJPOl'&lraa; ...... 
2. 8cudt.• to deteralae tli• appareat •t•tto tt'U•aare drop tb...P 8h•t• 
baving otba ~· of opatap, ln parttcu.l.ar thoM h.avtoa tddeate4 
&aid 1tabMd perforattou. 
3. l•hl>U•ti eat l'elatiodhlp ·tt. DlcU..1• to dt-u~ 1"at1o hu oo 
the appaue. •t•t1c pr•••n ctrop. 
4. ll'lft•t.l.1atf.OU tO det•nlM die eppUent •tatilC pr411Ma:l'e drop 
throup perforated lhut• when nlact.ve •tioo occur• 1Mc.eo tile 
ala .. t and ar«tn. la c•ttain IC'•la dl'Ji"I 1Ut•l1•tlona. gralo t• 
nc1rculetH thl"oup tile 4rp.r. ftl• _., IUU1t S.n 81'•1.a 110Vin1 
1lowl1 p••t tlae petrtor•t-4 d..,,.I' wU1 AD4 floor. 
8 
1. '-rlc Society of Mecu teal Inst •l'•· Power teet Cod•, Part s. 
lut~tl aad appuatu•. Meaaur ... ot of C1U•U.t7 of aat•dall. 
a tar 4, low ..... r••nte. Yor , fl. Y. aathor [ 1959] • 
2. lu , J. 11. •cllalutoaal fl tbrou ut .-dta. ltabed 
Jib.I). n.ete. AMa, Iowa. UbrUJ, low• ltat• Uaiveratc7 of 
l•uc• i loay. 1 60. 
3. at•r, G. • I abl, a. M. Operatln1 tr•1• •ratf.OD •1•t ... to 
4. 
the core klt. u. I. Dept. of Ap"t., Ap'iciultural Marutta1 
Service. Har tl a aearc 1vl•1 • a.port 337. 1959. 
er•on, • • ... lat • of eta.11414 
flow. qr1. loa. 2At 367•394. 1943. 
aad ta all• to air 
s. . 1l1tance of ao1"aa ad oau to alr flow. Ap'l. lq. 
2S: 12'•1 • l 44. 
6. laan. L. • Ml'atl of arata ln c-rclal •torap•. 
U. 8. pt, f qri,, Ap'lcultui-al llarutlq .. nlce, llarkatia1 
•"nch vt.•l • eport 178. l 57. 
7. ktll. V. • Iv.a, • C. tal air 110¥ i-.•tat.ace f arata. 
41r1. 1aa. 36:332·315. it''· 
I. r. KetbcMll of 'ftfttUatl a wtaeat ta fUll etor• .. •· v. a. 
o! Aarl •• lureau of qrtcult.ural Ch..S.1t17 and lllP,Mer• 
tvi•loa of , • .,. ltl'UOturea ..... h. Circular 544. 
9. loloda1•• P .. A. _ 9 f. l•, ll. 11Qc .. coaffict u tbroup 
perforated plat••· Aa. luc. Cllea. Baa· J: 305·312. 1951. 
io. rp1a7, cu • 11m.Utucl• tQ •aata•rt.na. 1. t •• Tbe lould Pre•• 
Oo. 1950. 
11. liftll•, .....,. ltra-lt••l Ail'·Metu, a prod-.ot of conductiaa 
reeeal'Ob oa sraia ¥enttlatioa. ltraa•lt .. l Jara Structure• 
leHuch Coofennce, 1957i 142·UO. Dlttrott, 1110. ltra-tt .. 1 
CorporatiOll. lt.50. 
l2. lo tuoe. a. a., ktU, v. \t., aDd Foater, o. H. 119cllanleal 
watllattoo of •tond ll'•in. qrt. Ina· lZt 606•608.. 1951. 
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13. aoa., a. a. u 1nnttiaat1oo tAto tile 1 .. of 11• of. tluf.4•· 
tbl'ouab bed• of paauln •twhla. lut. MMb. ha· hoer .. 
15ls141•1J3. 1945. 
14. lliecld. c. 1. k•l1taac• of patu ud ..a to alt' flow. qrt.. 
lq,. '4;616-619. 19S3. 
15. • h1le _.data on l'eaiatace of tr•ln to atr llw • 
.I.pi. &q. 32i493-4,S, 520. UHl. 
16. Sh.Oft, Q. c. Air flow ua1,.11 of ll'•l• •otU•~11'1 duce.a. UOPQ.,.. 
U•bed fb.D. 'ftul•t•. -. •• Iowa. LI.bray. tova ltat• 
Unt'MnitJ ot Scleac• alld bobaololf. 1959. 
11. Wtb. P. L., • Vu Wlnkte. 11. Dtld&wp ••fftctent• tllrwp 
,.l'fos-eted plat•• at leyaold• aUlliber• of 400 to 3000. 
Alt. tut, a..-. Bq. 41 266-2'8. tts•. 
lS. laed:ecor, G. w. lt•tuctcat •tlaoda. 5th M. AM•. Iowa. Ill* 
Iowa ltue CoUep 1'r:•••· l.9,6. 
19. U. I. Dept. of t\p'i. • Aart.cnaltvrel lltt1Mertua l•••uch Dlvltton. 
Aartcu1tural 1l.e•eal'Ch lervlc•. l>rylq n.Uld con wt.cit 
walleat..S &lt'. Leafl.c 3>2- 19$2,. 
20. u. a. Dept. of ApJ. . • &piovltVt'al lfu'keUaa S.ntce, Gr•ln 
l>tvt.t.oa-. oeflclal P'•lA 1tadard• of ta U. I. Wahlqtoa, 
o. c. u. a. ao.t. hLat .. Off. 1157. 
th• uebor vln•• to expr••• atncen •pprecf.&tlon to h'ofe11or 
VUU.• V. Huld.11 for pidanc• ad couuel 11..ren d\ll"t.111 till• ttWly. 
Appreclattoo I.• a110 eqr•••.0 to Mr. -r-..pars Colltu for la.le 
enoouTa..-ot. co Mr. hbert A. laul for ••l•tnce to ot>tatntne aad 
Jl'•CU.ag •ampl•• of arato. •ad to t • StraA•lt••l Corporation tor tbelr 
f laaoctal ... 11tance. 
Gr•tleude i• expr•••ed to h'ofeaaor lobaTt hruford. Reaid ., a 
to other _.er• of the •t&tf of the Deput•at of Agricultu.1'•1 
loaine•rlna for•• of .faclUti.•• aad .., helpful suaeatt.oaa. 
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tQllW. 
TM tabl .. contaia.d 1• 'Ppeaidf.x A wre c011Ptl.. from dae ••lue• of 
tu appar t •t•ttc pre1aur• dt<op obta1Md "1 tb• •tlaod outUMd to tb• 
• tal rocedur•. 1be nnlt• of calculatlou for tlM 
eoef ttcl .. t of •arlatt. • hl•t' ..,._. aoct le)'D014• ....... r •• •leo 
loclud... A • ..,1. of th• COlllPUt•tiou follon. 
T••t awlber 3 






Coefflciaat of •ariattoa 
Appareac wloctty for no 4 (!able ) 
• 0.4 x S.2 
• 2.2 • io·> •lul*/ftl 








• 6.206 ft/•1• 
• 0.10.34 ft/MC 
• 2 • .ss tb/te2 
T 
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Table. 16. 0t-t1tna1 encl c•lcvlated data fot' T••t 1 
Appal' Mt 
Shut luta Appanat Re7ulda ............ -Git,._ ... r oo. velocti7 •• drop ""• 2 
@. tt )ISluc iii] ' 
,,, of.1•sn ; ftW 





6 0.3806 13$ o.oos 81 





' 0.193' 109 0 .. 005 314 6 0.3806 215 0.012 19.5 
' 0.7798 440 0.038 147 8 1. 585.5 8M 0 . 140 131 
46 O ..OSSJ l 
·z 
3 
4 0 .. 1034 84 0.002 431 
' 0 .. 1134 ua O.OOJ 
,,, 
6 o.3806 310 0,017 271 
7 0.7791 636 0.065 252 
B t..sass 1.ao 0.211 25) 
A7 0.0313 l 
2 
3 
4 0.1034 149 0.005 1,104 
5 0.1934 279 o.ou 943 
6 0.3806 549: o.OSlt aao 
7 o.779& 1,120 0.220 .,, 
8 l •. S&SJ 2,280 1.000 93J 
t4 
Tabl• 16. (Contimid) 
AppU'taC 
Sb at l\Qn ....... , ·llep.old• , ..... tl ... 01. ·1 ... r t'Mb v•lootty ... clrep tlla 2 
I I r - 'I . -, 1 . ] L . -... £ ~\la7Jiib!illi k • SI .19. tol ••tf11' 
Al 0.0206 1 
J 
l o.OMK 106 o.oo> 3,021 
4 0.1034 226 0.012 2,650 
s 0.1934 424 0 .. 036 2,260 
' 0.3806 134 o.t2' 2,0.0 7 0 .. 1791 l,710 o.s.s• 2,160 • 1.'8SJ J.470 2 .. 47 2,316 
0 .. 0141 l 
z 0.0264 84 O.OOJ .10.100 , o .. ow. 154 0.006 '•°'o 
4 0.1034 328 0 .. 021 4,'40 
' 0.1934 614 0.06.$ 4,080 6 o.»06 l,210 o.u2 4,100 
1 o.11ve 2,,410 1.19 li,610 • 1 .. 5855 '·°'° s.01 4,740 
Alt 0.00716 1 o.otos S9 0.0025 J3,400 
2 0.016' uo Q.006 to,300 
) o.04M 274 O.Oll u,100 
4 0.1034 586 0.063 13.900 
s 0.1934 1,100 0.220 ll,100 
6 0,3806 2,160 0.970 1s.aoo 
1 0.1798 4,420 l.84 ttt.900 
' l.JGG 7,320 t.21 ll,000 
All 0.004,, l 0.0101 ,. 0.007 U0,000 
2 0 .. 0264 241 0.016 54,000 
3 0.0484 441 0.037 37.300 
4 0.1034 942 0.15:5 34,200 
' o.·1t» 1,760 0,.$86 37.000 6 O.l806 J,470 a .. si 41.,000 1 0.77,. 1.110 9 .. 1-9 JS.600 
a l.JSSJ 14,400 34.U 32,000 
95 
'J: l• 1 • ( ''--'> 
.,, ..... " 
Shfft luQ a\ppannt a.yool4• ,... .. .,.. JiL. 
(10,. , oo .. wloef.17 IMh ct.op py2 
.. ltl••s .. ba S( ,•tl•! • H i if t I w I . I I 
All O.OOl.$1 1 o.cuo.s UI 0.008 111.000 
2 0.02• 334 o.ou 77,700 
3 0.0484 612 0.066 64,500 
4 0.1034 t.llO o.z1s 60,100 
s 0.1934 a.44o 1.02 64,200 
0 .. 3806 4,810 ••• 69 700 t 7 0.1111 t,860 16.48 3,800 • 
AlJ 0.00106 1 0 .. 0105 230 0.020 411.000 
2 0.0264 571 0.063 214,000 , o.0484 1,060 0.1'4 its.ooo 
4 0.1034 2,260 o.t10 214,000 
' 0.1934 4.MO 3.42 2U,OOO 6 0.3806 1,340 11.2.8 114,000 
7 0.7340 16,000 42.28 164,000 
•14 0.00121 1 0.0105 372 0.030 641,000 
2 0.0214 938 o.us 524,000 
' 0.0484 1,720 0.538 541.000 4 0.1034 J,610 2.7.)S 604,000 
' O.lt34 6,170 a.sa 540,000 ' 0.3806 '·'°° 32.10 .523,000 ' 8 
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.,. l• 11. Ortatnal •• calo.ulated data ,for fa1t 2 
Appareat 
.JiL. Skeet •• Apparent leyaold• pna•vr• no. r no. wloctty •• drop "'• 2 
1 Ph _ f tl!fC ' ! ,,, of vacer 




s 0.1934 102 o.ooos 36 
6 0.3806 200 0.002 33 
1 o •. 11ta 410 0.001 27 
8 t .. 5855 133 0.029 27 




s 0.1934 160 0.002 126 
6 0.3806 31.S 0 .. 005 81 
7 0.1198 645 0.011 10 
a t.S8.5S i.uo 0.011 72 ., 0.0828 1 
2 
3 
4 0.1034 Ult 0.001 221 
' 0.1934 210 0.002 126 6 0.'806 411 0.008 uo 
7 0.7194 856 0 .. 033 128 
s l.SISJ 1.740 0.139 uo 
16 0.042J 1 
2 
3 
4 0.1034 222 0.003 662 
s 0.1934 416 0.008 503 
6 0.3806 819 0.032 521 
7 0.7791 1,680 0.145 S62 
8 1.ssss l.410 0.640 598 
1 
T l• 17. (Continued) 
Appareat _a_ 
Sbeet n .,,.~. t hyaold• ne••ur• 
"' 2 
, •• velocity oo • drop • .ft/eeo tn. of ••t•t 
17 .om 1 0.0105 " 0.0006 12.eoo 2 0.0264 19 0 .. 001 3,380 
3 O.OM4 164 0.002 2.010 
4 o. 1034 350 0.006 1,320 
.s 0.1934 654 0.021 1,320 
6 0.31506 1,29 0.083 1.350 
7 0.7791 1, 64 0.310 1,470 
8 l.'8S5 .s.360 .66 1,550 .. 0.0203 1 O.OlOS 47 0.001 21,400 
2 0.0264 118 0.002 6,780 
3 0.0484 217 0.003 3,020 
4 0.1034 463 0.010 2.210 
s 0 .1934 866 0.036 2,260 
6 o.3806 1,700 o.141 z.•10 
7 0.7798 3,490 0.660 2,560 
8 i.sass 7,100 2.80 2,620 
19 0.01• 1 0.0105 92 0.0025 Sl.400 
2 0.0264 231 0.0055 18,600 , 0.0484 423 0.010 10,100 
4 0.1034 90tt 0.040 8 ,930 
' 0.1934 1,6 0 0.149 9.370 6 0.3806 3,330 0.626 10.200 
7 0.7191 6,820 2.73 10,600 
1.585$ 13,900 10.79 10,100 
110 0.00714 1 0.0105 1J3 0.003 64, 00 
2 0.0264 336 0.009 30,400 
3 0.0484 617 0.021 21,100 
4 0.10,,. 1,320 0.089 19,600 
' 0.1 34 2,460 0.350 22,000 6 o. 06 4,946 l.431 23,300 
1 0 .7798 ,910 6.00 23,200 
l.51SS 14. 23.35 21,800 
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Table 17. (Cootieued) 
Apparent .JL 
Sheet u AN•nnt leyaol • preaaun "'· 2 •• .. u. veloclt7 no. drop ft/MC ta. ·Of water 
Ill 0.00510 1 0.0105 187 0.005 107.000 
2 0 .0264 471 0.013 43,900 
3 0.0464 863 0.036 36,200 
4 0 .1034 1.840 0.184 40,600 
' 0.1934 3,4.50 0.650 40,900 6 O.l90 6.1 0 2.61 42,500 
7 0.7798 13,100 10.6.5 41,300 
112 0.00261 l O.OlOS 36.5 o.ou 235,000 
2 0.0264 920 0.0,6 189,000 
3 0.0484 1. 90 0.138 139,000 
4 0.1034 3,600 0.676 149,000 
' 0.1934 6,740 2.54 160,000 6 0.3806 13,300 9.95 162,000 
1 
8 
113 0.001 2 1 0.0105 496 0.022 470,000 
2 0.0264 1,250 o.osa 'l!J1 ,000 
3 0.0484 2,290 0.302 *•000 
4 0.1034 4.810 1.435 317,000 




T l• 18. Ortslnal calc lat.. data for Teat 3 ..... CIMf• 
p ..... ff.cl.at 
11' .. t l.un !R»!E!nt •S•!te !Fl!•YE• dro~ I ....... of var• 




' ' 0.002 0.003 O.OOlt 0.002 0.001 o.OOt. 0.0021 39 6 0.010 0.007 o.ou o.oor. 0.007 0.009 0.0080 32 
7 0.023 0.020 0.039 0.011 0.024 0.031 0.0267 31 




4 0.002 0.001 0.002 0.002 0.002 0.002 0.0020 11 
' o.ooa 0.005 0.006 0.007 0.001 o. 7 0.0067 1S 6 o.oa 0.011 .011 0.01 0.018 0.020 0.0193 12 
1 0.084 o.os 0.067 0.064 0.061 0.067 0.0670 13 
a 0.311 0 .. 221 0.257 0.237 O.Zll o.uo O.Ul2 1l 
A.6 1 
2 
3 0.001 0.001 0.001 0.002 0.002 0.001 0.0011 43 
4 0.004 0.002 0.003 0.006 0.005 0.003 0.0038 39 
5 0.011 0.007 0.010 0.012 o.on o.00t 0.0100 18 
6 0.031 0.030 0.033 0.030 0.040 0.033 O.OJ21 
7 0.100 0.110 o.uo 0.140 .uo 0.113 0.1233 17 
8 o.48 0.47 0.46 o. 0.53 o.44 0.477 9 
1 
2 0.001 0.001 0.001 0.001 0.001 0.001 0.0010 0 , 0.003 0.003 0.004 0.002 0.003 0.003 0.0030 14 
4 0.009 o. 0.009 0.009 O.OOI 0.010 0.0088 9 
' 0.029 0.027 0.032 o.ou 0.027 0.025 0.0275 9 6 0.060 o. O.lOO 0.100 0.104 0.093 0.0922 17 
7 0.42 0.31 0.42 0.40 0.45 0.37 0.406 7 
8 1.51 1.50 1.60 1 .• $6 1.66 l.J3 1.$72 4 
100 
'l•b1• 1 • (Co1\tl ff) 
Coef-
pr••• f tciat 
he•t 
' .92s•n5 •t•t!s tl'•!•"u dl'J>R! IQ re of .,ar-• • I c l) I , dro,.. tattoa 
1 
2 .002 0.002 0.003 0.002 o.oo> 0.003 0.002! 22 
3 0.006 0.006 0.001 0.006 0.007 0.006 0.0063 1 
4 0.016 0.017 0.019 0.017 0.020 0.018 0.0171 8 
s 0.0.5S .060 q.05t o.o,t 0.064 o.os O.OS93 J 
6 0.216 0.223 o.~21 0.226 0.245 0.216 0.2245 ' 1 O.lt 0.90 0.82 0.94 1.00 0.94 0,.9U 1 
8 3.66 3.62 l. ' '·'° 3.91 3.6% 3.676 6 
1 
2 0.003 0.004 0.004 0.003 0.004 o. 0.0037 13 , 0.009 0.010 0.010 0.010 0.010 0.010 0.009 4 
4 0.03, 0.03S o.or.1 0.034 0.034 0.035 0.0358 • ' 0.122 0.121 0.133 o.ua 0.125 0.129 0.12.56 • 6 0.47 0.47 0.50 0.47 0.47 0.48 0.477 ' 7 2.03 1.93 1.97 l.92 2.00 1.9t l.f>71 4 
8 1.19 1.,1 7.66 7.40 7.60 7.69 7.518 2 
.&10 1 0.006 O.OOJ 0.006 o.oor. o.oos o.004 0.0041 25 
2 .01J O.Oll 0.014 o.ou o.ou 0.011 0.0122 11 
3 0.031 0.027 O.Ol5 0.030 0.021 o.oa 0.02'7 10 
4 0.117 0.114 0.141 0.114 0.112 0.120 0.1197 9 
J 0.428 0.402 0.,13 0.421 0.40S 0.436 0.4342 9 
6 1.62 l.Sl 1 •• 1.58 1.58 l. 9 1. 53 9 
7 ··'' .S.99 1.38 6.10 '·'' 6.57 6.423 I u.o, "·'° 28.17 22.15 22.84 "·S7 24.33 
AU 1 0.007 0.010 0.007 o.ooa 0.008 O~OU) 0.0083 17 
z 0.02' 0.028 0.036 0.025 0.026 0.026 0.0275 16 
3 o. 0.010 0.083 0.074 0.069 0.067 0.0718 8 
4 . 2 0.349 0.319 0.317 0.306 0.297 o.:n.so 6 
5 1.14 l. 1.24 1.26 1.u 1.19 1.227 4 
6 3.97 '·'' .28 4.23 4.04 4 .. 05 4.200 6 7 1,.24 17.29 16 .. lO 16.14 lS. 1.S.17 1S.f37 ' 8 
101 
Table 11. (Contlnu•d) 
, .. ,, • .~ !Ii!~ eoei-· .... , ....... H.cuat 
8h••t. l.un , !le!!•!S •t•Slc,Jt!!!•ug• !ll'OI! l\l•e of vac• 
no. no .. A • c I> I , droP* l•tton 
A12 l o.on o.009 0.010 0.010 0 .. 010 0.011 0.0101 • 2 0 .. 034 0.031 0.036 0 .. 034 0.038 0 .. 041 O,.Ol57 10 
3 0 .. 101 0.093 0.109 0.106 0.114 0.129 G .. 1083 u 
4 0 .. 492 o.4u. o.476 o.468 o.S26 0.,10 0,490, 11 
s l.84 1 •. ·60 1.11 l.84 l.92 a.10 1.84S 9 
6 6.38 s.ao '·" 6.47 6.65 7.30 6.481 8 7 24.7t 21.39 IS.89 24.78 26.35 28.16 2/t .. 917 8 
8 
All 1 0.021 0.0)3 0 .. 03S o . ou 0 .. 021 0.021 0.0286 17 
.a 0.099 0 .. 162 0.1'4 0.101 0.096 0.-127 0 •. 1200 22 
3 0 .. 32' o.:no 0.405 o.3n O.l97 0.411 o.'800 20 
4 1.48 2 •. 11 1.73 l.46 1 .. 34 1.n 1.652 32 
' J .. 04 1.54 6.14 4.99 4.6.S t.10 ,.743 19 6 17.5S 21.20 .21.40 .11 .. 71. 16.,06 22.0l 20.322 20 
7 
a 
A14 1 0.101 0.086 0.037 0,.044 o.on 0.043 0.06JO 41 
2 0.372 0 .. 303 0.188 0.111 o.401 0.211 0.2168 35 
3 1.169 o.t'8 o •. 638 0.631 1 .. 293 0.673 0.8931 32 
4 4.73 3.,95 i.83 2 .. 38 4.99 Sio·O> 3,.6.52 29 
' 1$.10 13.08 9.20 t.00 16 • .51 9.81 12.224 28 6 
7 
102 
le 1'>. Cal ubt data tor t••t 3 
lbeet l.ua pare at l•JDOld• ..JiL 
o. , veloetty •• (if.2 





' 0.1934 70 170 Ii 0.)806 1 130 
7 0.11 a 284 101 




lt 0.1034 sa 441 
s 0.1934 109 421 
i O.l806 21S 314 
1 o. 71'1 440 260 
8 1.S855 994 234 
0.05,3 1 
2 
3 O.or.84 40 - l.310 
4 0.1034 84 139 
s 0.1934 158 62' 
6 0.3806 310 .,, 
1 0.7798 636 478 
8 l.'855 1.290 446 
A7 0.0313 1 
2 0.02'4 l8 3,310 
3 O.or.14 70 :t,020 
4 0.1034 149 1,940 
5 0.1934 279 1,730 
6 0.3806 549 l,500 
7 o.7791 i .. 120 1,570 
1.5855 2,280 1,470 
103 
Table 19. (Corattnved) 
. •••t tun Appaygt .. ,. .... ..JiL. 
•• , DO • veloetty no. ,,-,.2 
• _ J" · r .. > i@ , f ti••e • 
AS 0.0206· l 
2 0.0164 s& •.•so 
3 0.0484 106 6,340 
4 0.1034 %26 3,910 
5 0.1934 424 3,730 
' o.3806 834 3.660 ., 0.1798 1,110 3,J50 
1 • .S85.S 3,470 J.440 
0.0142 1 
2 0.0264 84 12.soo 
3 0.0484 U4 t.870 
4 0~1034 328 7.900 
5 0.1934 614 7,900 
6 0.3806 l,210 7,770 
1 0.7798 2.480 1.650 
8 1 • .185.S 5,,0SO 7,0JO 
AlO 0.00796 1 0.0105 59 100,000 
I 0.0184 150 41,!00 
J o.ow. 274 2',900 
4 0.1034 586 26,400 
s 0.1934 i.100 27,JOO 
0.3806 2,161 26,900 
1 0.7798 4,420 ».too 
8 1.18.55 B,990 12,700 
.AU o.00495 l 0.0105 96 i11.ooo 
2 0.0264 241 92,900 
3 o.ow. 441 72,300 
4 0.1034 942 69,500 
' 0.19134 1,760 77,200 6 0.3806 3,410 68,400 
1 0.7798 7,110 61,800 
8 
104 
1'•bl• 19- (Contlo-4) 
lh••t tu.a 4PPU•at kyaolda -"'-. 
no. ' GO. velocity no. '1 v.2 
I ' ' 
ft/•ec _ . if ti 
A12 0.00357 l 0 .. 0105 132 216.000 
2 0.0264 334 121,000 
l 0.0484 612 109.000 
4 0.1034 1,310 108.000 
s 0.1934 2.440 116,000 
6 0.3806 4.810 106,000 
7 0.1798 9,860 96,900 
All 0.00206 t O.OlOJ 230 611,000 
2 &.0264 578 403,000 
J ,Q.0484 1,060 383,000 
4 0.1034 2,260 J6.S,OOO 
5 0.1934 4,240 361,000 
6 o.3806 8,340 311,000 
1 
8 
A14 0,.00127 1 O.C>l05 372 1,390,,000 
2 0 .. 0264 938 93J,OOO 
3 0.0484 1,120 900,000 
4 0.1034 l,670 806,000 





tu1e 20. 01r111na1 and e•l•nalat.S eta ta to• , ... ' 
!Ii . ...  '" I co.1:r. u .. 
pro• fid.ut 
fteet tun !m!e.nt •t•tlc. ar••ur:e droe! au re of••• 





' 0 .. 004 0.001 0.001 0.002 6.001 0.001 0.0011 66 6 0.01 0.02 0.01 0 .. 01 0.01 0.02 o.ou 47 
7 0.04 0,.03 o.oz 0 .. 0% 0.02 o .. ol 0.023 S6 





s o.oos 0.001 0.003 o .. oor+ o.oo.s 0.003 0.0045 J3 • 0.02 e.02 0.02 0.01 0.01 0.02 0.017 27 1 O .. Ott 0.07 0.06 0.06 0.06 0.06 o.osa 17 
a 0.12 O.IO 0.11 0.16 0.19 o.a 0 .. 205 20 
as 1 
2 
13 0.002 0.001 0 .. 001 0.001 0 .. 001 o.ooo e.0010 .6) 
4 0.001 0.003 0.002 0.001 0.003 0.00) 0.0022 46 
' 0 .. ()0? o .. ooe 0.009 O.OU> o.eot 0.012 0.0095 14 • o.or. O.Ol 0.03 O .. OJ 0.03 o.Ott 0.0)3 l) 1 0.10 0.12 o.ot o.oa o.u o.oa o.ot1 17 
8 0 .. 37 0 .. 42 0 .. 35 •• 31 0 .. 37 0.44 0.381 ' 
1 
2 o.ooo 0 .. 001 0.002 0.001 0 .. 001 0.001 0.0010 ,, 
) o.ooJ 0.004 0.003 O.GOJ 0.002 O.OOJ o .. 0030 21 
4 0 .. 008 e.010 o.oot 0.012 o.ooa 0.011 0.0097 17 
s 0.031 O .. OJ3 0.035 0.031 o.on 0.011 0.0323 • • o.u 0.12 0.1> 0.13 0.10 o.u.a 0.111 10 1 0 .. 42 0.4J o.i.1 0.47 0 .• 41 0.48 0.4$0 6 • 1 .. JO 1.6' 1..11 1.77 t.J2 1..10 l.6JO 1 
*Xa. of wc.u .. 
10 
T 1• 20. ( ti ) 
Kltao Coef • 
pr••· fici r. 
I eet avn o! ••· 
o. A r roP* f.ati 
17 1 0.001 0.002 0.001 0.002 0.001 0.001 0.0013 " 2 0.003 0.003 0.003 0.004 0 .. 003 0.002 O.OOJO 21 
3 0.006 0.001 0.001 0.008 0.007 0.007 0.0010 
4 0.0'4 0.012 O.OM 0.028 0.022 0.022 0.0220 • 5 0.07 0.073 0.082 0.099 o. 2 0.07 o. 16 11 
6 0.2' 0.26 0.29 o. 0.29 0.21 0.293 1% 
1 l.U 1,,02 1. lS 1. 1.ll 1.00 1.128 u 
8 4.21 3.05 4.31 4.29 4.3.S 4.00 4.035 12 
l o.ooz 0.001 0.002 0.002 0.002 0.002 0.0011 27 
2 o.004 0.003 0.004 0 .. 004 o.oot. 0.001 0.004S 3J 
3 0.012 0.01 O.OO'J 0.009 0.010 0.014 0.0107 17 
4 0.041 o.o 0.036 0.034 O.OlS o.ose 0.0405 22 
5 o.v.2 0.131 0.12 0.113 0.122 o. 0 0.1351 17 
6 o • .so • 0.4S 0.43 0.44 0.63 0.688 1' 
1 1.91 1.94 l.8 1. l.69 2.21 1.900 11 
a a.23 1.2s 6.63 6.27 6.50 .31 7.19 11 
I 1 o. • s O.OO't 0.005 0.004 0.001 0.0051 23 
2 0.02't 0.014 0.01 0.014 0.015 0.019 0.0110 23 
3 o. o .. o 3 o.o 6 0.03 0.041 O.Olt2 0.0392 10 
4 0.1 0.133 0~\45 0.1'1 0.16 0.176 0.1.565 10 
s o. 0.450 0.5 0 • .520 o.s 0.590 0.5333 10 
6 2.07 1.63 t.80 1.86 l.97 2.17 l.916 10 
1 1.91 6.40 7.11 7.25 7.97 1.73 7.)71 u 
8 32.39 M.50 21.11 27.97 32.71 34.01 30.070 12 
110 l o.oot 0.009 0.014 0.010 0.009 o.oot 0.0100 20 
2 0.031 0.023 o.o o.o 0.029 0.026 0.02tZ 18 
3 0.092 o.o 0.105 0.076 ·0.01 0.069 0.0800 20 
4 0.280 0.238 0.417 0.319 0.314 o. 3 0.3085 20 
' l.l o.a1 1.42 l.05 1.os 0.92 1.012 20 6 4.27 2.15 S.03 3.82 J.81 ).37 3.87, 19 1 16.88 U.42 19.S2 1'.11 U.lS 13.U lS.216 18 • 
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!al• •• (Coatt ... ) 
iii ' iii ' 
. -1 • j ... ·eoei- • .,.. ..... ,,.,..,. 
at.et .. 
' I I 
.,._, ISd&I ID!IVD !ill.I!· ...... of••• ... ... A c D I I' droP* iat1ou 
Ill 1 0 .. 01.3 o.ou 0.012 8"014 o •. 009 o.ou o.01u lt 
I 0 .. 052 0.047 o.oss .o.os1 0.040 0.061 O .. OJt.6 " , o.u. O.l.3S 0 .. 1'6 0.166 0.120 O.llf O.lSJJ u 4 0.651 o.sa2 0.702 0.6'2 o .... 0.780 0.6193 11 
' 2.13 1.aa 2.35 t.tl 1.11 2.60 2.U3 "' 6 1.11 •. ,. .... 1.16 6.lt '·" 1.11.t " 7 30.4$ U.91 33.6t 31.77 24.)6 U • .52 30.298 10a 
112 1 9 .. 04! o.•1 0.032 o.oss 0.020 0 .. 04& 0 .. 0365 27 
2 o .. ios ..• , 0.1» o.1s1 O,.OPO 0.216 0.1683 30 , 0.6:tS 0.638 0.421 0.48 0.211 0.649 0.5165 19 
4 2.03 .2.os 1.18 2.01 i ... u 2.73 1.111 31 
s '·°' t.26 6.to ... , •• u 9.16 7.446 28 • 33.00 33.54 21.39 24 • .,., tt.U 34.00 t'1.1.58 17 1 
11, 1 0.094 o.t.16 0.0$0 G.067 0.058 0.06J o.o&u )2 
2 o.44:t 0 .. 112 0 .. 222 0.3lt 0.266 O.Jt.I 0.2961 )l 





t•b1• 21. C.lculated d•t• for , .. , 4 
Sheet lhan. Appare•t leyaold• .Qt._ 
no. ' 1)0. velocity ao. tJVa2 




' o~ 1934 102 107 6 0.'806 200 212 
7 e. 1n1 610 89 





' o.lt34 160 283 6 o.3806 315 211 
1 0.1198 64S w 
8 l.S8S5 1,310 1'2 ., 0.0821 l 
2 , o .. 0484 54 1,010 
4 0.1034 114 486 
s 0.1934 212 597 
6 0.3806 418 537 
1 0 .. 1193 '" 376 I 1 .. 18S5 l.740 362 
16 0.0423 1 
2 0.0264 $1 3,370 
3 o.ot.84 104 3,020 
4 0.1034 122 2,140 
J O .. lt:Jlt 416 2,,030 
6 0.3806 811 1,920 
1 0.7791 1,680 1,740 • 1.'855 3,410 t.540 
lot 
table 21. (ConU•..S) 
SIMet Apparnt •• ,,.,1 ... -"'--no. , DO. ftlocit7 DO. "'•2 
f t(Mc 
17 0.0269 1 0.010) 3J 21 .. aoo 
2 0.026't 89 10,100 
l 0.°"4 164 7,050 
4 0.1034 ''° 4,860 5 0.1934 6J4 5,130 
6 O.JI06 1,290 4,770 
7 0.1191 2,640 4,370 
1.'8SS S,360 3,770 
18 0.0203 1 0.0105 47 ,JOO 
2 0.0264 111 14,500 
3 0.0484 211 10,800 
4 0.1034 463 8,940 
J 0.1 34 866 8,.530 
6 o. 06 1,700 7,9.50 
7 o. 7791 3,490 7,360 • 1.'8J5 7,100 6,730 
o. 1~ 1 O.Ol.05 91 109,000 
2 0.0264 231 .57,400 
J 0.0484 423 39,500 
4 0.1034 '°' 34,500 ' 0.1934 1,690 3J,SOO 6 0.3106 3,330 31,900 
1 0.7798 6,820 29,300 
a 1. ,, 1),900 28,100 
110 0.00714 1 O.OlOJ 133 213,000 
2 0.0264 336 98,600 
3 o.ou. 617 80,600 
4 0.1034 1,320 68,100 
s 0.1934 2,460 67,400 
6 0.3806 ..... 63,1 
1 0.7798 9,910 59,000 • 
uo 
' l• 21. (Conti ) 
•t lull Apper• t l•ynol • ...IL 
ao. , • w1oc1ty no. df a2 
ft/! c 
Illa 0.00495 l O.OlOS 187 263. 
2 0.0264 471 174,000 
3 0.0484 813 156, 
4 0.1034 1,840 U0,000 
5 o.t lit 3,450 135,000 
o. 06 6,780 127,000 
7 0.11 13, 00 117,000 
8 
112 0.00261 1 0.0105 36S 780,000 
2 0.0264 920 '69,000 
0.04 4 1,690 520,000 
4 0.1034 l,600 •1•.000 
' 0.1 34 6,740 "8,000 6 0.3806 13,300 442,000 
1 
I 
1 0.001 2 l 0.0105 496 1,310, 
2 0.0264 l,2.50 i.000.000 
3 0.0484 1,290 934,000 
4 0.1034 4, 10 814,000 
' 0.193' 9.160 7 ,000 6 
7 • 
111 
'!able 22. ortatu1 ad c•lcul•tn 4•t• for , ... ' Kea Coel• pr••· f:f.c:f..ant 
Sbaet _on Aa2m:•nt •C!S~1'i 2J!llV!f~dwot!B aun of .., .... 
no. l\O. A • c · P a , drop# tattoa 





4 0.002 0.001 0.002 0.002 O.OOJ o.ooi 0.002' 22 
' 0.006 o.ooe o.oos o.oo, 0.004 o.ooa 0.0060 29 6 0.013 0.012 o.ou 0.011 O.OOt 0.01' O,.OUI 11 
1 O.OlJ 0.029 0.032 0.037 0 .. 024 0.040 0.0328 17 




4 O.OOJ O.OOI 0.004 o .. oos O.OOJ 0.004 0.0042 17 
5 0.010 0.01J 0.010 0.014 o.ou. 0.010 0.0113 14 
6 o.o• O.OJS 0.029 o.oss O.OJO o.oa 0.0310 10 
7 0.102 0.111 0.100 0.111 0.106 0.100 0.1012 I 
8 o.J77 o.420 0.366 o .• 37t 0.316 0.'66 o.3507 s 
A6 1 
2 0.002 0.001 0.002 0.001 0 .. 001 0.001 0.0013 34 
3 0.003 0.002 0.003 0.001 0.003 0.002 0.0023 39 
4 o.ooa o.OOtt o.oo. G.OOl o.004 0.006 0.0049 37 
' 0.017 0.026 0.020 0.01• o .. ou o.ou 0.0112 24 6 0.056 o .. oeo 0.050 0.060 o .. oso o.oso o .. 0'43 ' 7 0 .. 11 0.17 0.22 0.20 0.18 0.16 0.183 12 
8 0 .. 77 0.10 0.70 0.11 0.10 0.68 0.717 .s 
A1 l 
2 0 .. 002 Q .. 003 O.OOJ 0.002 o.oot 0.002 0.0023 22 
3 0.001 0.006 0.006 G.005 o.'°' 0.006 0.0051 18 
4 0.011 0.010 0.011 0.014 o.on 0.012 o •. 01As 23 
5 0.052 O.MS o.oso 0 .. 050 0.065 o.o.s2 o.or.90 1 
6 0.16 0 .. 11 0.11 0.16 O.l6 0.16 0 .. 160 4 
7 0.60 0.62 0.64 0.61 '·" 0.60 0.610 J a J.35 2.21 2.48 2.40 2.30 2.30 2 .. 352 3 
112 
!41>1• .22. (Coutuved) .... Coee• 
pl'e•• f tcleat 
I hut bG •1•l'fPl!~ .•t«tlc aa•••r•.891! ' .. . .,,.,... of .. ...... !#; "' • no. 110 .. & c I g r dro,- tattou 
P'sf(O'if ,.,f- Iii • • ,. l ' rl(Pi. rt . ~ JIM . ' ••Wt _· g .. 1Pil t .,, - .. I . l .' .I ., ijP5 I ' 
M 1 
2 o.oor. 0.006 ,0.006 O.OOJ 0.005 0.006 o.ooso 18 
3 0.01.2 0.014 0.012 0.01& 0.013 0.012 O.GllO 1 • 0.039 0.044 0.042 0.04S 0.042 '0,045 0,0421 ' s 0.120 0.120 0.120 0.120 o .. . uo 0 •. 120 0.1200 0 
' 0.44 o.41 0.44 0.44 o.44 o.'4 0.43S 3 7 l.61 l .. 62 1 .. 67 1 .• 12 l .. 17 1.60 l •. 632 2 
a 6.0S '·'' 6,0J '·'' 6 .. . 35 6.0S 6 .. . 117 3 
A9 1 0.002 0.002 o.004 0,002 0.001 0.002 0.0023 35 
2 0 .. 010 0.008 o .. ooa 0.001 0.001 0.001 0.0078 1' 
3 0.016 0.016 0.016 0.018 0.011 0.011 0.0110 1 
4 0.06J 0.067 0.065 0.064 0.072 O.OIS 0.0660 ' s 0.20 0.12 0 .. 20 0 .• 11 0 .. 11 0.21 0 .. 208 4 •· 0.74 0 .. 7, 0 .. 11 0.6& 0.11 0 .. 72 0,73$ 6 1 2.es 2 .. 11 2 .. 62 2.12 J,OJ 2.-7J 2.133 5 
8 l0.61 u . 02 10.03 u.or. u.JS 10.23 10.7lJ 4 
1.10 l O.OOtt o.oos 0.006 0.001 o.006 o.oo, 0.0052 lJ 
2 0.011 0.011 o.ota 0 .. 021 0.020 0.01• 0.018.S 28 
J 0+041 0 .. 046 0 .. 062 0.061 O.OS1 O.OJl 0.0532 lS 
4 0.188 0.111 o.i36 0.!41 0.21' 0 .. 18t 0.2076 u 
' o.64 o.&2 0.11 0.7'1 0.12 0.64 0 .. 693 10 6 2.38 2.26 2.99 2 .. 12 Z.62 2.J6 2.572 u 
1 8.60 8.58 10.47 10.65 ... , t.00 9.538 10 
I 22.79 2%.45 21 .. 6! 28 .. 6.S 8.78 as.10 25.170 10 
All 1 0.010 e.ou. 0.012 0 .. 014 0.010 0.010 0.0112 15 
I 0 .. 0,37 o.ot.a 0.044 o.O.S3 0.036 0.034 0 .. 0407 11 
l 0.108 o.us 0.121 0 .. 1J7 0.106 0.097 0,.U.8.3 18 
4 0.43 0.46 0.49 0.63 0.4l 0.38 0 .. 470 19 
' 1.11 1 .. 6' 1 .. 77 2. :H 1.43 1.32 l.658 11 6 s .. n 5 .. 17 5 .. tl '·'' It.ft 4.70 ,5.708 18 7 ao.u 22.32 23.25 28.tl 18.IO 11.4$ 21.783 18 
I 
U3 
'Table 22. (Conttuad) 
tt.an Coef-
pre• ... f lc:lent 
Sheet B»n • . . ! ii ia•eas 1s•s&e.ee1,a1• drat! I • au re of var ... 
Mt no. A I G D B ' droJ»* 14tlon ' 
A.12 l 0 •. 01• 0.011 0.020 0.022 o.01t 0.016 o.01as 11 
2 0.075 \t063 o.oes 0.079 0.,016 0.082 0.0767 10 
3 0.218 0.193 0.24S 0 .. 239 0.206 0.187 0 .. 2143 u 
4 0.81 0 .. 87 0.9S Q.98 0.84 0 .. 75 0 .. 811 ' ' 3.14 2.01 J.35 3 .. 36 2.16 2.tl 3 .. 005 11 6 10.41 10.04 ll.44 11 .. 86 t.ss 9.30 10.433 10 
1 37.12 3J.32 40.87 42 .. 10 33.05 32.90 36.893 11 
8 
Al3 l 0 .. 032 0.0$7 o.041 0,062 0.041 0.048 0.0477 7 
2 0.175 o.ts 0 .. 208 O.llJ 0.110 0.220 o. 2213 22 
l 0.'41 0.820 0 .. 616 0 .. 924 0.5S6 o.647 0.6840 22 
4 2.12 3.15 2.so ).61 2.37 2 .. 63 2.740 21 
s 7.18 10.91 8.07 12 .. 16 7.1$ 8.67 t.150 22 
6 27 .. 31 41.37 32.31 44.13 30.61 32.13 34.743 20 
7 
e 
Al4 1 0.083 o.084 0.011 0.092 0.083 0.082 o.osu • 2 0 .. 406 0.474 0.369 0 .. 498 0.410 0.391 0.4247 12 
) 1. HS 1.428 1.087 1. .. 491 1..236 1 .. t7G 1.21os 12 
4 5.06 $,.49 4.41 $.86 S.06 4.61 s~oe2 ' ' 17.15 11.02 14 .. 4S 20.26 UJ.92 1$.26 16.960 12 6 
7 
114 
labl• 2). C•1cu1ated data fcw T••t s 
llitt•t lua Appftent le:ynol.4• .a_ 
no. ' u .. velocity no. tNa2 
1 • '11 l l J • fl . !•£•-.:. ' . -· 
M 0.124 1 
2 
J 
4 0.1034 31 j,$2 
' O.l934 '10 311 6 0.3806 ua 192 
1 o •. 7798 284 127 
8 1.585, 575 104 
" o.oawo l 2 
3 
4 0 .. 1034 58 921 
s 0-1934 109 712 
6 0.3806 21:> '°' 1 0.1791 440 416 • 1 .. sass 89$ 3S6 
O.OS5l 1 
2 0.0214 2% 4.»o 
3 o.or.84 40 2,320 
4 0.10!4 84 l,080 
5 0.1934 1:58 1,140 
6 o.J&06 310 884 
7 CJ.71'8 636 709 
8 l.,.,, l,2'0 670 
A7 0.0313 l 
2 o .. oZM " 1.110 J 0.0484 106 5,640 
4 o.1ol4 226 3,200 
' 0.1'34 414 3,080 6 0.3806 134 2,600 
1 0.1798 1.110 2,360 
8 1.sass J,470 2,200 
115 
Taltl• 23. (Co t1nued) 
Sheet .,, .... , l•,aold• JiL 




2 0.0264 sa 11,000 
' 0.0484 106 13,LOO 4 0 .. 1034 226 t.450 
' 0.1934 4M '·''° 6 0.310 834 7,0IO 
1 0.779 1.110 6,330 
1.58.SS. 3,470 S,720 
A9 0.0142 1 0.0105 3) 49,100 
2 0 .. 0264 84 26,400 
3 0.0484 1.54 17,100 
4 0.1034 321 14,600 
s 0.1 34 614 . 13,100 
6 o.3106 1,210 12,000 
7 0.779 2,480 11,000 
8 i.sass S,OM> 10,000 
Al 0.00796 1 O.OlOS S9 111,000 
2 0.02"' 1.50 62,SOO 
3 ·o.0484 274 53,600 
4 0.1034 6 45,100 
' 0.1934 t,100 43,600 6 o.3806 2.160 41,tOO 
1 o.7798 4,420 '7,000 
1.'8S5 • 90 23,SOO 
AU 0.*9S 1 0.0105 96 239,000 
z O.OtM 141 1 ,000 , O.OQ4 441 llt,000 
0.1034 942 104,000 
' 0.1934 l.'160 104,000 0.38 . 2,470 93.000 
7 0.7798 7,110 84,400 
116 
Table 23 • (Contlmla4) ... App.U•n .. ,..,1,. JJL. 
no. r • ft104;1ty •• .2 
tslns ., 
12 0.00357 0.010.s 132 ltS,000 
2 0.0264 334 2.59,000 
l 0.°"4 612 216,000 
4 0.1034 1,310 194.000 
' 0.1934 2,440 llt,000 0.3806 4,110 110.000 
7 o.779& t,860 143,000 
8 
u 0.00106 1 O.OlOS 230 1.020,000 
2 0.0264 S78 768,000 
' o. 4 1,060 619,000 4 0.1034 2,260 60.S,OOO 
J 0.1934 4,J.40 S75,000 
6 o. 06 a,340 S66,000 
7 
A14 0.00127 l O.OlOS 372 1.160.000 
2 .026/t 938 1,430,000 
3 0.0484 1,120 1,210,000 
4 0.1034 3,670 l,11.0,000 





1.'al>l• 24 .. 0rl&f.Da1 ad calc•lat•d l•t• lor Teet 6 -- Coef• ....... ftctnt 




4 0.003 o.ooo 0.001 o .. OOJ o.oos 0.001 0.002) 81 
" o.oo, 0.003 0.010 0.008 0.010 0.007 0.0012 84 6 0.02 0.01 0.02 Q.01 0.03 0.03 0.0200 ., 
7 o.os O.M 0.04 0 .. 01 0.06 0.06 0 .. 053 23 
I 0.12 0.1' O.lJ 0.06 0.13 0.20 0.132 " 
1 
2 
l 0.001 0.001 o.ooo 0.001 0.001 0.003 0.0011 82 
4 0 .. 004 o.oos 0.001 0.001 0.006 o.oo.s 0 .. 0043 ta 
' 0.01 0.01 · 0 .. 01 0.01 0.01 0.02 0.012 34 6 0.02 ·0.03 0.03 0.02 0.06 o.ot. 0.033 46 
' o.ot o.os 0.11 0.14 o.ot 0.11 0.103 45 8 0.27 o.37 0.31 o.31 0.4S 0.30 0.3S5 18 
IS 1 
2 
3 o.QOJ 0.003 0.002 0.002 0.002 0.001 o.002:s 22 
4 o.ooa o.OOt o.oos 0.001 0.007 G.008 0.007) 19 
' 0 .. 02 0.02 0.03 0.01 0.02 0 ... 02 0.010 )2 (> 0.05 0.06 0.06 0.06 o.oe '·°' 0.058 l8 7 0.20 0.16 0.11 0.20 0.18 0.1.1 0.118 lt 
8 0 .. 6S 0.10 o.u 0.64 o .. u 0.54 0.630 9 
16 1 
2 0.002 0.002 0.002 0.003 0.002 0.001 0,0022 11 
' o.ooi 0.005 0.006 0.001 o.oos '·* 0.0048 24 4 o.ote o.ou 0.019 t.Oll 0.011 0,.015 0.0112 10 s 0 .. 045 0.060 0.040 0 .. 050 O.OJO 0.050 o.or.t2 14 
6 0 .. 16 0.18 0.1' 0.11 0.20 0.11 0.178) • 7 0.62 Q.65 0.'6 0.69 0.13 0 .. 61 0 .. 660 '1 
I 2.20 2.21 2.ff 2.22 2.st 2.30 2.JS7 7 
*'la. of vat.er. 
l 
T l• ) .... ·-pr••· f tc1• t • •t I: • r• ofv_... 
• oo • • ' d l•t1 
17 1 0.002 0.001 o. 3 0 .. 001 0 .. 002 0.0020 45 
2 0.006 o.oos o.oo, 0.006 o.oot o.oo.ss 10 , o. 13 o.ou 0.013 0.011 0.012 0.011 a • 0.041 0.04 o.o 0.040 o.o o.o 3 6 0.14 0.13 0.12 0.12 .13 0.1 • 6 0.4 0.41 0.43 0.42 0.40 0.42' ' 7 1.1 1.37 1.4 1. 1.46 1.525 8 
·' '· 2 s.68 '·' $.62 5.43 5.630 2 
l o.oo 0.003 0.00) 0.001 0.002 0.002 0.0023 34 
2 0.010 0.010 o. o.oo 0.005 o.oos 0.0072 ' 3 0.024 0.023 o.o 0.01 0.01. o .. 11 0.01 ' 41
4 0.07 0.077 o. 7 0 .. 03S .o o .. o» 0.054 44 
' o.u 0.23 0.2 0.\18 0.122 0.113 0.1172 37 6 o.as o.ao 0.,74 0,44 0.4S 0.42 JJ 
1 3.09 l.66 2.12 1.1s 1.74 1.'4 
a 12.23 lQ.Jl 10.04 6.72 6.7.S 6.24 29 
&9 1 0.001 o. o. o. o. ' 0.0068 2 0.021 0.021 o.ou o.o 0.022 0.02'1 14 
) o.o 0.054 0.061 0.073 0.060 0.0601 11 
4 o. o. l 0.219 o. o. 5 0.211 0.2193 1 
' 0.65 o. 0.73 o. 7 0.69 0.7133 12 a.30 2.3> 2. 2 2.31 2.36 2.495 u 
7 8.94 .17 10.00 8.14 .. o 9.352 7 
110 1 o.ou .014 0.013 0.013 o. 11 0.013 o .. ou2 10 
2 0.044 O.Oi\3 0.046 o.or.1 0.042 O.Ot.O 0.0\37 6 
3 o.u 0.123 O.l O.l 0.11' 0.107 0.1197 7 
4 0.42 0.462 0.4.55 0.493 0.41 0.408 0.4437 7 
s 1.47 1.44 1.48 l.'4 1.43 1.23 1.448 9 
6 ·' 4.94 s.22 s.s 4. 4.27 4.928 9 1 l .. 01 1.t .32 19.63 lt.99 18.71 16.76 l • 03 • 
119 
Table 24. (Coottrwect) 
Hean Coef-
pr••· f lolent 
beet Q g:oR? '"" of vu-no. ao. A I r dropl' tact.on 
11 1 0.020 o.o 0.022 0.018 0.019 0.020 .019 1 
2 0.074 0.073 0.070 0.073 o.o 3 o. 2 0.0725 
3 0.212 0.213 0.19& o. 20.9 0.17.S 0.134 0.2068 
4 .79 o.1a1 0.111 0.1 o.. 79 o. 56 0.76,. 8 
5 2.36 2 .. s 2:.54 2.51 2.01 2.90 2.480 12 
6 8.42 8.76 ·' ' 8.9 7.70 10.29 8.789 10 1 lS.64 34.23 ll.34 34.05 ll.24 38.32 .34.470 1 
8 
112 l 0.06 O.OJO 0.037 0.062 o.o.50 0.046 0,052) 22 
2 o.323 o.20i 0.157 0.280 0.2 0.221 0~236, " 3 1.021 o.stt 0.472 0.876 o. tl 0.640 0.7161 21 
4 4.11 2.46 1.82 l.60 2.80 2.6 2.908 28 
' 12. 7.86 .05 9.66 9.2 1.32 8.102 2 ' 43.9 29.04 20.91 34.SO 31.70 24.4 30.76 26 7 
113 1 0.065 0.01 .061 0.0.5 .OS.5 0.092 .0682 21 
2 0 .. 322 0.3 0.29 0.211 0.24 0.432 0.3230 21 
3 .97 1.106 .166 0 .. 110 0.130 1.210 0~9521 22 
4 
'· 1 
4.31 3.58 3 .. Z.95 5.lS 3. '° 21 
5 12.9S 14.31 10.99 10.45 1 • .50 17.4, 12.775 22 
6 S6 .. 00 .Sl .. 48 43.4 38.46 37.t 53.60 46.693 17 
7 
120 
Tabl• u. O&loul•t.d 4•t• for 'ldt 6 
lbNt •• .,,_..-- e lqooW.• .At.,. oo. r "°• valocf.ty oo. ov.2 
Ji 1 ·- •sl11t • .-
13 0.173 l 
a 
3 
' 0.1034 54 5)2 ' •• 1.934 102 453 • 0.3896 200 l2tt 1 0.1798 410 205 
1.5155 83) 123 
o.uo 1 
I 
3 O.Otta4 40 1.uo 
4 0 .. 1034 &6 949 
I 0.1934 160 7S.S 
6 o.3&06 31S 531 
1 0.7198 .,., 399 • l..JtH.$ 1,310 332 ., 0.0828 1 
2 
) 0.0484 53 2.320 
4 0 .. 1'34 U4 1.110 
s 0.19.34 212 1.260 
6 0.3806 418 945 
7 0.7791 856 690 
I 1.uss l,740 189 
16 o .. Qil2l 1 
2 o.o• ,1 7.'•30 
3 0 .. 0484 104 4,830 
' 0.1034 222 J,800 ! 0.1934 416 1.oto 
6 0.3806 819 2.900 
7 o.11ta 1.680 2.s60 
I t.51SS 3,410 2,200 
121 
'fab1• "· (CooUaued) 
lbe•t ApparMt leJllOld• .IL 
ao. , ao. wloci~J •• "'•2 
f t/ffc 
17 0.0269 l 0.010, )J 42.700 
2 0.0264 ., 11,600 
3 0.0684 164 U,900 
4 0.1034 ''° •.680 ' 0.1934 '" a.oso • 0.3'06 1,290 6,920 7 0.7791 2.640 '· 10 a 1.sess J,360 5,260 .. o.020J 1 o.cnos 47 49.100 
2 0.0264 118 74,300 
3 0.0486 217 16,400 
4 0.10)\ 463 12.000 
5 0.19'4 866 u.100 
I 0.3806 1,700 10.100 
1 0.7798 J,490 '·''° • t .. 5.,, 1,100 a.180 
19 0.0104 1 0.0105 lJl 14S,OOO 
2 0.0264 336 77,000 
' 0.0484 617 60,500 4 0.1034 i.320 48,400 
' 0.1934 2,460 44.too 6 0~3806 ..... 40,600 
7 0~7791 9,910 lt,200 • 
110 0.00714 l O .. OlOS 117 281,000 
z 0.0264 471 141,0QO 
3 o.0484 .,, 120,000 
4 0,1034 1.MO 97,900 
' 0.1934 3,4JO tl.100 6 0.3106 6,780 10,300 ., 0.7791 13,tOO 73,300 • 
U2 
t6'l• u. (Co&\tlaue4) 
thHt lua Apf.treat aeyaold• .L 
ao. , ao. ve1ocUtJ •• rlf a2 
L Cl£ec ' 
au 0.00510 l 0.0105 J.87 423.000 
2 0 ,.0264 471 245.000 
l o.0486 863 209.000 
4 0.1034 i.S1to 16t.ooo 
s 0.1934 '·•.so 156,000 
6 0.3806 6,780 14S,OOO 
7 0.1191 13,900 U4,000 
8 
Ill 0 .. 00261 1. 0:.,0105 HS 1,120.000 
2 0 •. 0264 920 199,000 
l 0.0484 1,690 721,000 
4 0.1034 3,600 642.008 
' 0.1934 6,740 5'4,000 6 o.3106 13.300 501,000 
1 
8 
113 0.00192 1 o.01os .. , 1.460.000 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































unnsx lh DAU Alfi) CM.CULA!IClll roa CALDll.TDC 
1'11 Ala llPLAClllBI N9 .. nu Ju.Tl ORJ:PlCBI 
The appaaw• uMd for •ppl7tn1 alt" ~oultted of -. •1• cltapl••· 
•at PU111P Cd.Cl a •ii' turi.lae. fte alr flow rate ll'Om t:be ctf.•plU9M t 
pwllP vu aterral.Md by c~tial • t'at• of di•pliac.._t of tla 32•1a.• 
ell-car INtU. 'De dr:lviaa i-aoll lo• •• a.u ,,.. •uured to dt.pl•• 
11.as ta. lor tb••• C"ew1u•tou of tM plratoo. ft• tnput apte4 to die 
fl.r•c tr..-.l••l .,.. 238 tl ..,.. • tuood traa1•••lon. a fiftJ•to• 
_. ae•t ..iu.-r ad tftc chata drt•• wen .included ta t1w ,_._. t~aln. 
TM pu ratf.fd for tM two t:raai••iou •• 1l•n ta !at.1• Sl .• 
ll th• )2•ln.•4l-ter '-11· ·tbe a.-. ••• ,.. ~auat••f.On U\ flr•t 
pu, the fov.-.. .,_.s tr ... 1••1oa ta fovrtll ••• ud tproct.t ratio• of 
lth'6 ad 3b30, th• .tir dltplc_..t r•C• WU• 
Tabb• J.2 aad 33 cont•ln data to O°"f ... tbe atr flaw r•t•• •al\lred 
wt.ell the atr d$.lp1ac;eauc P\UIP wtth dloH of t .l:Ma two ... uer orlf lc••· 
Tabl• 34 1• • cOllful•a of tu air llow l'U.. •--• wltb clae l••r 
od.ftce and tllo• of • flow a &ale .. 
















,. ..... ,. .. 











Table 32. C•llP•IMD of ct._.._... flw rate cwa..,. tlMt o.no-ta.-
dt.-t• ~ plat• ort.ftc. wttta ci. ~ •utl•11••• ,..., 
SEll&!I l&lll 
Pl• 
61! •&u.&M!l!l'C I!!• now ...... 
•• ........ ~-- fl'•••••f.ea .... r•te ,,,, ...... drop (Qi) ,...,... ........ (Qi) 
"'d ,. ... tf! If! 
t 0.021 1 • .ss It a 1.31 3.06 
2 0.0» 1.11 ll 1 1.IO 0.62 
3 0.1'4 >.29 • 2 S.32 0.90 4 .510 s.t, tt 3 ••• 2.14 s t.62 10.11 l 4 10.21 o.u 
• 0.045 1.72 1 • 1.66 3.60 1 o.oa 2.0I 1 l 2.04 l.M • o.266 4.14 1 2 4.20 1.43 ' 0.910 '·" 1 3 7.71 0.78 10 2.JO 12.62 1 4 13.00 2.t2 
11 0.14' 3.22 2 a 3.12 J.21 
12 o.21t 3.11 2 l 3.12 o.26 
13 0.9, 7.13 2 2 1.• O.M 
14 3.1S 14.44 2 ' 14.45 0.01 
15 0.460 , ... l "·'' 1.26 1• 0.10 6.7S ) 1 6.75 o.oo 
17 2.ts 1 .12 3 2 13.H 1.11 
.,.roeac •lit•..- • ( ql~I) 100 
136 
Tole 33. of ti. Hl"ft4 f 1 Cbrouah tt.e o. 96U.k.• 
in plat9 orifice "1 air U,l•u•• 
R!d&!t Rl!t! Alt •tall!!!!!!! .... 
f lov now Pccea ... Jne.-. .... Tr••i••lea .... rate dUf---• 
(Q1) 
,_.,... .. .,... (Q2) 
cf!, 
- ' Sta 
1 0.01 1. • a 1.31 o.1a 2 0.016 1.64 • 1 1.60 2 • 3 0.061 3.32 • J 3.32 o.oo 4 . m .. 1 3 6.0I l.1J 
0.643 10.10 4 10.27 1.66 
' 0.016 1.14 1 l 1.66 1.lO 7 0.025 2.03 1 1 2.04 0.49 
0.107 4.16 1 2 4.20 0.95 
o. 7.54 1 , 1.11 2.20 
10 1.0,S 1 .10 l 4 13. 0.11 
11 O.OS7 .04 2 a 3.12 2.,. 
11 O.Ol7 .76 2 l 3.82 1.s1 
13 0.371 1.11 2 2- 7.88 1.%1 
14 1.30 14. 2 3 14.4J 1.04 
15 3.JS u.so 2 4 24.37 J.SI 
16 o.1a.s .45 , a '·'2 1.21 17 0.21• 6.61 l '·'' 1.04 18 1.22 13 •• 7 3 2 13.96 0.14 
19 ).90 ar..10 3 :s 25.60 J.S2 
..,.... •tff•nw • ( 9JQ~) 100 
1.37 
1 
l tM p ••• of aonduotlq T••t• 7 'f'«a&b u. elate RN o tal.IMICI 
t tlM •1•t• opeTattaa both auott md ,,..,..... Ta. apparot 
n••~• r aot'oaa tba perf erete4 •• WM •uuTed f o-r Neb 
aye .. vlth ebe •- filU.q of pala to U. .._t •tel colum at 
._. atr flow ra~a. To pne9Vt'ln die •1•t• for lam.a 1 tllroup 4 1 
41reot1 f air tJ laoeMat JK119 vu r.,,.r...S fro. daat for • 
betloo •Jat•. F IW\e S thr-p 8. tM lv1'1d.M VU turud .0 tlaat 
t • dt barae ... eUwred illto tlMa duct VOl'k coaaectiq vtt!a tlM 
..... l' .. 
139 
T-'tle 3.S. C1 •• •iaGll of tM ....... •Catie ,.... • ._.. a., tlweuai& 
,.rtorate4 -..ta for a 9UCt'-t _. pree-.n •7•t•. the 
perf •ated .a.ete wn auppOl"Cial COl'll 




4 0.1034 0.010 o.ooa 0.20 
' 0.1 .34 0.030 0.011 0.01 6 o.3806 0.11 o.ot 0.11 
7 0.7791 0.43 0.33 0.23 
a 1.51J.S 1.11 l.30 0.21 
AlO 1 o.01os o.004 0.004 o.oo 
2 0.0264 o.01s 0.010 0.23 
3 o.0414 0.036 0.029 0.20 
4 0.10.14 0.141 0.111 0.21 
' 0.1934 0.4'9 o.386 0.21 6 0.3806 t.13 1.40 0.24 
7 0.179 7.24 ,.28 0.27 • 
A.12 1 o.01os 0.010 O.OOI 0.20 
2 O.OZ64 0.039 0.034 0.1) 
3 0.0484 0.11• 0.091 0.1• 
4 0.1034 o.s10 0.414 O.lt 
' O.ltl4 1.11. 1.41 o.u 6 0.3806 6.46 4.75 0.26 
7 0.11• 24.11 11.29 0.26 
8 
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T•ble 34. Comparlaon of cu apparent ataclc prqeve dnp through 
perfof"at.S llh•t• fmr a t\JCt'l.on .-4 f1u.ae •Y•tc .. 
"'- ,..., •• ~ ........... ..,.., ..... t
... 
•• 
IL r ' .. . ., l 
2 , 
4 
I • 1 
' A10 1 
2 ,, 




























o.oos o.oos o .. oo 
0.0.16 0.011 0.25 
e.oso o.040 0.20 
0.180 0.140 0.11 
o.u o.48 o.29 
2.57 2.00 0.22 
o •• o.oos o.1t 
0.022 0.01• o.te 
o.ost o.041 0.24 
o.au 0.111 o.u 
0.16 o.59 o.ia 
2. 76 1.0, o.26 10.•• e.oo 0.24 
0.016 0.014 0.11 
0.066 o.os3 0.20 
0.201 0.149 o.a 
o.IOJ 0.610 0.14 
2.58 1.tJ 0.14 
'·'' 6.88 0.21 
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t•l• 37. ~teoft of the .,,.... atatlc pn....-. bop ~ 
perf orahd .._ta f w • auecioD -4 preaaure .,.tea. a. 
,.rf••W .a..te wr• _,,.,'-' .,.._. 
c. ~ -· oo. '• b .., • 




4 0.1034 0.010 0 .009 0. 1 
5 0.1934 o.m 0.015 0 . 14 
6 0 . 3806 0. 100 o.oeo 0. 20 
7 0. 77ff 0.40 0. 31 0.23 • 1.5855 l.62 1.31 0. 19 
AlO 1 o. lOS o.oor. 0.002 o.so 
2 0. 0264 .010 O.OOI 0.20 
l 0. 0484 . 030 0. 024 0. 20 
4 O.J.034 0. 124 O.lOJ o.u 
s 0. 1934 0 .443 O. SH . 20 • 0.3806 1.79 1. 33 0.16 7 o.11t1 6. to J . 03 0.21 
l.SASS 25. 92 20.10 0. 22 
AJ.2 1 
a 0.0264 0. 029 o.o2S 0. 14 
3 0.0484 O.Oll 0.077 0 . 1.J 
4 0.1034 0. 311 0. 334 0. 14 
' 0. 1'34 1. 433 1. 124 0.22 0. 3806 s . 23 3. 98 . 14 
1 o.11t1 20.)0 u.21 o.25 
8 
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T • 31. Compari of the apparent atatic •• • t'op thr peYfora alleet• for a MaCtlGD .. aur• •7• • · .. 
rf or ted t P-•1* .. q1aua 
t ~ • • • ., • r 
7 1 
2 
3 o.or.M 0.004 0.003 0 . 2.5 
4 0 .020 0.016 • 
' 0. 0$0 o. 0. 20 . 160 0 . 130 • 
1 . 64 Q.41 0. 27 
2. 1. s o. 
1 0.00$ o.00t. 
2 0.011 0.01J • 
• 048 o • 0. 25 
4 0. 200 0. 147 0. 26 
' o.o o. ' 0 . 29 2. 2 1. 70 . • 2.S 1 .11 6.44 0. 26 
8 
12 1 
2 o. O. OttA .. 2 
3 0 .. 111 O. lJl 0.2 
4 o. o.,23 ·" 5 2.u 1. 1s o. 
• 5.91 .a1 
7 
14) 
Tt.bl• 39. Cclm\t•f.•oti of the appanat static pn••ur• drop tbro"lb 
perfor-at.ecl •h•t• f<# • &uc;tto&\ an4 ~·••ura tJtteaa. 'D&e 
perf oJ:!f.tecl -..ta vere •QWortag rice 




4 0.1034 o.e11 0.009 0.18 
s 0.1934 o.040 0.030 0. 25 
6 o.3806 0.130 0.100 01123 
7 0.1111& o • .s2 0.38 0.21 
1.sass 1.9' 1.36 o.aa 
AlO l o.01o.1 o.oor.. 0.003 0.25. 
l o.02G4 0.011 0.014 o.ia 
3 0.0484 ·0.048 .0.031 0.21 
4 0.1034 0.188 0.143 0.24 
$ 0.1934 0.62 o.41 0.23 
6 o.3806 2:.31 1.72 0.26 
7 o.7798 8.6 .6.33 0.21 
A12 J. 0.0105 0.011 o.aot 0.11 
2. 0.0264 0.051 0.03 o.24 
3 o.0485 0.149 0.110 0.26 
4 0.1034 0 . 618 0.463 o.2J 
s 0.1934 l.92 1.4.S o.24 
' o.3806 G.8J s.oJ 0.26 ' o.1ne D.'6 Jl.82 o.1s e 
T4'1• 40. O~tglnal and calculated 4•C• fo~ eva1\lAlt1•g tlMt lrlf lueuce of 
t/tl ratio on tk• Euler aQllllMJ1'. (Cor:n aupported oo perfoi-atecl 
allaet• tuwina J/lt•ta. ·•U. ... t•t' ll•l••) 
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fable 41. Calculatd data for ••aluactq , ... taf lu•ac• of t/d r•Clo on 
cu 1u1.e1: ...... (Con ••pportd on pel'f oratd lb•t• 
hniaa 3/16•1.A. •dt .. ier laol••) 
...... ho App•l'ftt .. ,..14• ..Iii... 
ao. ' •• ,,. wloctc7 no • ov.z 
J . q ,ftl!!S 
Cl 0.0,21 l 0.189 
2 0.0264 33 l,380 
' o.0484 84 2,,20 4 .0.1034 178 i.120 
' 0.1934 31) l,J70 ' 0.3806 ''' 1,380 1 0.7798 1,340 1,:uo 1.sass 2.100 1.220 
CZ o .. OSl7 1 0.384 
2 0.0264 ll 3,380 
l o.ow. 14 1,810 
4 0.1034 17& 1.430 
' 0. 1934 333 1,400 6 0.3806 656 1,190 ., 0.11•• 1,.340 . 1,.1.SO 
8 t .. S85S 2,100 1,040 
Cl 0.0527 1 ·0.674 
a 0.0264 33 3.»o 
3 O.Ottl4 84 2,820 
4 0.1034 178 1,700 
5 0.1134 3)3 1,380 
6 o.3806 6S6 1,300 
1 0.1798 1,34'0 1,140 
a 1.'85.S 2,100 ,,, 
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Ta le 42. Ot'taiul c•lculated dat• f Ol' wduatins th• S.nf l nee of 
t/ rt o ler n\UllMlr ( at thlpported o P4rfcrrated 
• t• avtng 3/ 16•in.-d1 ... t•r le•) ... • et J:Ot! pr••· oo. A E , Cvt'e 
dtc£! 
Cl 1 
2 0.001 0.001 0.001 0.002 0.001 0.002 0.0013 
l 0.003 0.004 0.00) 0.004 0.003 0.004 0.0035 
4 0.010 0.01 o.ou 0.010 0.012 o.on o.oou 
s o.CM. o.or. o.°' 0.04 O.Olt 0.0' 0.040 
6 0.11 0.13 0 .. 10 0.14 0.12 0.12 0.120 
7 0.41 0.53 0.54 0.4 0.42 011.34 0.4S 
a l.S6 1.86 1.'8 1 .. l l.S5 1.67 1.67, 
C2 1 
2 0.002 0 •. 002 0.001 0 .. 002 0 .. 001 0 .. 001 0.0015 
3 0.003 0.003 O.CIO' 0.00) O.OOl 0.004 0.0033 
4 0.012 0 .. 016 0.013 . 0.007 0.011 0.011 o. 117 
J 0.04 0.05 0.04 .03 o.04 o.04 o. 
6 0.13 0.14 0.12 .11 0.11 o.u 0.120 
1 0.42 0.48 0.46 0.39 0.42 0.44 0.435 
8 1.63 1.85 l.73 1. 1.49 1.63 1.61 
l l 
2 0.001 0.001 0.001 0 .. 001 0.001 0.001 0.0010 , o.oo 0.003 0.003 O.OOJ O.t* 0.004 0.00l7 
4 0.014 0.010 0 .. 010 0.008 0.013 0.014 O.OU.5 
' o.• 0.04 o.o. 0.03 O.Ol 0.04 0.031 6 o.u 0.10 o.n 0.11 0.12 0.11 o.uo 
1 O .. l7 0.3S 0.40 0.43 0.42 .37 0.390 
a 1.44 1.31 1.42 l.41 1.52 1.40 1.417 
•10. of water., 
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Table 43. CalculattMI data for evaluatlag the lafl...-ac• of t/4 th• 
lul•r 1'Wlkr (Vbeat aupportM on 5M1rf oret.M. ab .. t• llavlaa 
3/16·ia.-di ... t•r hole•) 
Sheet Appareat &eJllOlU JL.. 
1'0. , ao. t/d veloct.t1 no. "'a'" 
t I 
,,,,. 
Cl o.os21 l 0.18, 
2 0.0264 33 •.390 
3 0.0484 84 3.520 
4 0,1034 178 2,650 
5 0.1~34 333 2,$20 
6 0 . 3806 656 l.950 
7 0.77'8 l,340 1,760 
8 1.sass 2,800 l,'70 
C2 0.0,21 l 0.384 
2 0.0264 33 5,790 
3 0.0484 84 3,320 
4 0.1034 17 2,580 
5 0.1934 333 2.s20 
' 0.3806 656 1,950 7 0 . 7798 1,340 1,180 
1.5855 2,800 1,510 
Cl 0.0521 l 0.674 
2 0. 0264 33 l.380 
3 0.0484 84 3.730 
4 0.1034 178 2.'40 
s 0.1334 333 2,330 
6 0.3806 656 1.790 
1 0.7798 1,340 i.s10 
a 1.5855 2, 00 1,)20 
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